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FOREWORD 



Pert IX of Volume 2 of Book IT of the Manhattan Diatrict History 
preaenta a daaoriptlon of tha design, construction, and operation of 
tha Clinton Laboratories* Thia work ia desorlbsd aa a part of Volume 
8 beoa.ua s tha work oonduotad at Clinton Labor* toriea was part of tha 
raaoaroh and development phases of tha Pi la Project* Tha research 
work performed at tha Metallurgical Laboratory ia daaoribad in Part 
I of thia ioIum* 

Tha data oontainad in thia volume ara baaed on tha Server* 1 Filea 
of tha Dlatriot Offioa and thoaa oontainad in tha records of tha Oper- 
ation Offioa a Clinton Laboratoriea, together with the filea of E* I* 
du Pont da Honours Company, -Tilmlngten, Delaware , and tha University 
of Chicago, Chicago, Illinois* Thia hiatory oarer a the period from 
tha inception of tha Uanhattan Diatriot to 31 December 1946* The data 
31 December 1946 haa been aeleoted because of its being tha laat day 
of operation prior to which the Atomic Energy Comal ion assumed re- 
poneibility for all dutlaa and aooountability of tha Ilanhettan Dlatriot* 

Tha Supsaary oontaina an abatraot of every main aubjaot treated in 
the, text and ia keyed to the text in aueh a manner that paragraph num- 
bera and headings in tha summary oorroapond to the various seetiona in 
the text* 

A number of appendioea are attached to illustrate the text of tha 

roluzaa by aeana of nape, drawings, oharts, tabula tiona and photographs* 

I 

A separate Top Jeoret Appendix haa been prepared to thia volume in which 
production data are ahown* ' 

Fl 



Otter phases of the history of the PI la Project are described in* 

3ook IT • Voluaae 1 - 3ener»l Poaturea 

Book IT - Toluoo S • Design 

Book IT - Voluna 4 • Lend Acquisition, HBH 

Book IT - Volume 5 • Construotloa 
J Book IT - Volume 9 • Ope ratios 
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31 December 1944 
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1. Introduction. - Clinton Laboratories was constructed and oper* 
atcd to provide isolated facilities for research and development work 
pertaining to the Pile Pro J act | to provide a pilot plant for the Han- 
ford Engineer Works { and to produce small quantities of plutoniun. The 

accomplishment of these objectives involved the design, construction, 

J 

and operation of s uranium gra phite Pilsf the devslopnsnt of s proeees 
for the eeparatioa and isolation of plutoait»| and the training of 
personnel for transfer to the lanford Engineer Works i as veil as rs- 
search work of s general nature, A sits of about 112 acres within the 
military reservation of the Clinton Sngineer Works was chosen for the 
Clinton Laboratories. 

2. Assign and Construction. - By 1 January 19*3, the military 
Policy Committee had decided to construct an intsrssdiats--si«sd 
plutoniua> production plant at Clinton Engineer Works, Tsnnsssss. B. I* 
dn Pont ds Hemours and Company, Ins., en tered into s contrast with the 
Manhattan District for ths design and construction of this plant without 
profit to ths company. All costs of ths work and its administrative 
expenses mors paid by ths Government and all equipment, supplies, 
buildings, and patent rights were to become ths property of ths Govern- 
ment. Ths staff of the**etallmrgieal Laboratory was designated 
approving authority for all design features bscsuss of ths reluctance 
of the du Pont Company to* accept responsibility for ths adequacy of ths 
design. 

Design of ths Pile Ares was begun on 15 January 19*J, and 




construction work on 1 February 1945. Thi» area was turned over to the 
operating oontraotor on 16 October 1948, Construction work in the 
Separation Area, carried out along with construction of the Pile Area, 
was completed on 26 November 1943. In addition to these production 
facilities, a training area was constructed which consisted of one 
large building with the equipment and facilities neoessary for the 
training program, and a number of buildings and facilities were con- 
structed which were directly connected with the process areas or with 
the general administration of Clinton Laboratories. Eleetrio power 
was furnished by the Tennessee Valley Authority under a contract based 
on construction and operating power estimates. During the construc- 
tion period, the du Pont Company awarded jr subcontracts im order te 
expedite construction and te utilise specialised labor and machinery 
whenever possible. In addition te the orders cowering these subcon- 
tracts, approximately MOO purchase orders for materials and equip- 
asnt were placed by the du Pont Company. Procurement handled by the 
Manhattan District included oonerete, crushed stone, gasoline, oil, 
tires, offioe furniture, and many other items. In spite of a number 
of delaying factors, completion dates were not excessively delayed. 

During April 1946, emergency additions were started in an expan- 
sion program designed^bo house the inflow of operating, technical and 
academic personnel replacing the progressive loss of older scientific 
people and to cower the training cohool program. These additions in- 
cluded a new permanent Radioisotope Building, a permanent research 
laboratory, a steam plant, a heterogeneous Pile, and related struc- 
tures. 



By 31 December 19k6 f all additional construction had been com- 
pleted, bringing the total cone traction coat to approximately 
$13,0U1,000 (representing $12,032,000 under Contract W-7U12 eng-23, 
and $1,009,000 on emergency additions). 

3* Operation of Clinton Laboratoriee . - Since moet of the re- 
search pertaining to the Pile Project had bees conducted by the Met- 
allurgical Laboratory »* the University of Chicago, the University of 
Chicago was selected to operate the pilot plant at Oak Ridge, Ten- 
nessee. Although operated as a part of the Metallurgical Project, the 
pilot plant was, for security reasons, known as Clinton Laboratories. 
The contract between the University of Chicago and the Manhattan Dis- 
trict provided that the work be carried out for no fee, but included 
the provisions that the University be relieved of reeponsibility in 
the defense of claims against it and that a flat sum be paid the 
Unlvereity to cover administrative and general expenses. Operation 
of Clinton Laboratoriee was to include the development of a suitable 
technique for the production of plutonlum, a training program for 
prospective Hanford personnel, and medical and biological research 
necessary to Project activities. The title of all property end work 
was to become the sole property of the Governm ent. 

" The production uni^rwent into operation on h Hovember 1?U3, and 
plutonlum was being delivered early in I9hk. During the term of the 
contract, the plutonlum production schedule was metj a separation and 
isolation technique was developed} and the general research was con- 
ducted to the satisfaction of the Government. Active health and safety 

♦ 

programs were maintained at Clinton Laboratoriee for the protection of 
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the operating personnel. Because of the classified nature of the 
operations , strict intelligence and security qkeck was made on all 
personnel. Group athletics, graded pay increases, and assistance on 
personal problems aided in maintaining high morale among the personnel. 

On 1 July 19U5, operation of Clinton Engineer Works passed to 
the Monsanto Chemical Company, to be carried on largely in the same 
velaae operation under the Univereity of Chicago. The new contract 
included the assumption of all liabilities, claims and obligations 
incurred under the Chicago group at the same time Monsanto took orer 
all facilities , supplies and equipment. 

To 31 December 19k6 operational costs amounted to $22,250,000, 
$12,325,000 of which cowed the Chicago operation from 1 March 19u3 
to 30 June 19k5, while $9,92$, 000 represented the costs under Monsanto 
leadership from 1 July 19U5 te 31 December 19U6. 

k. Production of Plutonium . - One of the primary objective of 
the operation of Clinton laboratories was the production of a small 
quantity of plutonium in the shortest possible time. To accomplish 
this objective, an air-cooled, uranium-graphite Pile of 1000-kilowatt 
capacity was designed and constructed at Clinton Laboratories. The, 
Pile consists essentially of a 2lt-foot cube of graphite blocks. Metal 
channels traverse the eHle from front to rear in 36 horizontal rows 
of 35 holes each. A removable core permits variation of channel 
spacing for lattice dimension experiments. A seven-foot thickness of 
laminated concrete shielding completely surrounds the Pile to reduce 
the radiations generated during operation to safe limits before they 
reach the working areas. The Pile and its shielding are equipped with 



a number of openings, in addition to the 1260 metal channel*. Opening* 
are provided for safety and control rods* ionization chamber^ and 
foils* as well as for experimental purposes* The openings through the 
shielding require speoially designed plugs for closures during Pile 
operation to prevent direct emission of radiation* 

Ths heat generated in the Pile is reamed by a flow of cooling 
air which is then exhausted to a 20O-foot stack. The cooling system 
was originally equipped with three fansi one 5000-eubio-foot-per- 
minute, stand-by, steam-driven fan| and two SO,000-cubio-foot-per- 
minute, electrically driven fans. Pile controls oonsist of shim rods, 
to shut the Pile down in an emergency and to compensate for large 
variations in operating conditions | control rods, to effect fine con- 
trol of the Hie reaction} safety rods, to shut the Pile down very 
rapidly in an emergency! and safety tubes for boron-eteel shot, to stop 
the reaction in the event that other control methods have failed* A* 
slugs are charged into the Pile, irradiated sings are forced out at 
the rear face, falling onto a mattress pad and sliding through water 
into a bucket in the discharge pit. The bucket* are stored in a 
trench connected to this pit and later transferred to the Separation 
Building through a canal from the end of the storage trench* The 
start-up of the Clintoif-" Laboratories Pile, delayed somewhat as the 
result of changes made in the metal channels, took place on 4 Hovember 
1949 and within a few days a level of 500 kilowatts was attained. 
Increases in the operating level were brought about by changing the 
lattice arrangemsnt, by increasing the efficiency of the cooling 
system, and by using slugs with improved are-welded Jaelcets, so that, 

< • ■ 
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in M*y 1944* the Pile <u operating at a level of 1800 kilowatt*. 
Finally, tho installation of larger fan* in tho cooling system per- 
mitted a further increase to 4000 kilowatts. Xo ierious difficulties 
mr « encountered in Pile operation* although fan failure and fan- 
bearing troubles oaused a few interruptions. In spite of these inter- 
ruption*, the perfonsanoe of the Clinton Laboratories Pile was Tory 
satisfactory in all respects. 

Plutonium was being deliTorod by 1 February 1944 and the Pile 
oontinued to operate for the purpose of producing plutonium until 
1 Deoember 1944, by whioh tin* the experimental requirements were 
satisfied. After that date, the Pile was operated for the purpose of 
producing other radioactive material for the Project's reeearch pro- 
gram. 

5. Drrelopment of » Separation Prcoess. - Another of the objeo- 
tires of Clinton Laboratories was the development of a workable, re- 
liable process for the separation of plutonium from the uranium and 
fission products. A precipitation method (Bismuth Phosphate Prooess) 
was selected for the Hanford plant and the activities of the Clinton 
Laboratories staff were directed toward proving this prooess under 
plant conditions, establishing the reproducibility of optimum prooess 
conditions, and tea ting^ alternate processes. Initial prooess devel- 
opment was accomplished by labor atory-coale tests. A small semi-works 
for prooess development and a pilot plant were then operated concur- 
rently at Clinton Laboratories. The pilot plant consisted of six 
cells containing the prooess equipment, separated from each other and 
from the control room by thick concrete wallo. All operations within 



the oella wars reaotely oomtrolled fron panel boerde la the eantrol 
roam beoaaee of the high radiation lore la throu shout tha proeaaa. 
Aotire aaataa vara hold la underground tardea until proper diapooition 
eoald ba aada. aeeeoue aaataa aara axheaated to a 200-foot ataek* 
Tha firat bateh of a logo aaa reooiTed for proeeaeiag oa 20 Deeeaber 

1948, and plutoniua ni being delivered early la 1944. Prooees 

•J 

ef Moloney aaa inprored oouaiderably daring 1944— tha faatora affeet- 
ing plutoniua carrying aara dataralnadi tha daooataadaatioa faetcr 
aaa inereaaedt and tha prodnotloa yielde aara iaprovsd. Although 
thaaa lnprorenenta aara aaooapliahad by proooaa and equlpnent aodifi- 
oetione, no baaia ehaagaa ia tha proeaaa aara required. Rama aara 
aada liaulating Hanford oonditiono, whioh, with laboratory and aaad- 
works rune, furnished a baaia for pradiotlng Banford oparatiag con- 
ditions. Final taata oa tha separation prooeaa wara parforaad ia 
August and loraabor of 1944. During tha oparatiag period* 299 batohea 
of alnga aara prooaaaad la tha Separation Building, with aa over-all 
yield of 90.B par oont* la January IMS, tha aqulpaant and eella aara 
daeontaalnated and the pilot plant was plaoad ia a stand-by oenditieau 

It aaa neoeaaary to develop a prooeaa for the iaolatioa of pla- 
tonloa in a pore, uaable font* Baaed on tha inforaatioa gained by 
prooeaa ing 27 batehea of solution from the Separation Building, aa 
isolation method, eaploylng a pr eel pi tat ion* solution, and repreoip- 
1 tat Ion of plutoniua parotide, was developed. Development of a 
prooeaa for the reoofary of tha uranium froa tha aolntiona held ia 
the aix underground storage tanka was 'be gun ia the fall of 1944. 
Work on this problea waa Halted to the development of a prooeaa to 



be used at aooe future date. X group of chemists waa assigned the 
taak of developing an alternate ■operation proa era in the event of 
failure of the precipitation prooeaa. a feasible adaorption prooees 
waa sstabliihed but wi not developed because, by June 1944* the 
Bisauth Phoaphate Prooeaa had been proved adequate for uae at Hanford. 
Cheaioal research, of secondary importance during the initial operating 



period, waa begun in September 1948. Studies of the prooeaa of fiaaioa 



■e par at ion prooeaa and the handling of the isolated plutonlum. 

Following the end of hoetilitiee, a great part of the research 
program wee directed toward peaoetiaw uaea of the various piles* Radio— 
iiotopes whleh were developed in this new angle of the Atomio Energy 
Pro gran were to be used in the fundamental and applied sciences, par* 
tioularly biologioal and nedioal* The distribution program was in- 
augurated in June 1948, at which time expansion of Hot Laboratory 
#708-0 was in progress, and delivery (of Carbon 14) was mad* to the 
Barnard free Skin and Caaoer Hospital for "tagging" of cancer pro- 
ducing molecules and reaulting atudy of the cancer problem* By 31 
December 1946 ahipmenta of radioisotopes totaled 128* salee value 
129,800,00. 

8. Design and Operating Problems . - During the design of the 
large-coale production units, it was neeeasary to test the effective- 
ness of the shielding to, be used at Hanford as well as a number of tits 
naterials to be used in the Pile itaelf • Two ahield teeta were made, 
one using an imperforate section, the other a perforate section, both 
of which indioated that the proposed shielding would be adequate for 




and of the ehemistry of plutoniun ware instrumental in improving the 



us* at Hanford. a number of ordinary construction materials and other 
materials union might be placed within the Hanford Piles were tub* 
jeoted to radiation in the Clinton Pile t* determine the effeots of 
radiation on their physloal properties. The materials we irradiated 
for several weeks and the decay of the induced activities followed on 
Oeiger counters. 

The operating problems were oonoerned, for the most part, with 
■lug testing and with the poisoning effect of fission product* in 
Pile operation. Sing tests were accomplished by a variety of methods. 
The main asthods used were a heat test in the presence of air and a 
defleotion test. The susoeptibility of the aluminum cans to corrosion 
under Pils conditions was investigated and the rosults indicated that 
corrosion under radiation would not be appreciably greater than that 
obs erred where there is no radiation. The poisoning effeot of fission 
products was studied and no serious difficulties were anticipated in 
this respect. However, xenon poisoning of the Hanford Piles* en- 
countered shortly after start-op, necessitated intsnsiTS study before 
a method of operation was developed which overcame this difficulty. 

7. Training of Personnel. - Clinton Laboratories, both under 
direction of the University of Chicago and later the Uansanto Chemical 
Company * organised and^operated a training school for its own person- 
nel* trainees devoting time to operation of pilot plant facilities in 
addition to regular classroom work. In addition* the lohool, under 
the University of Chicago, trained two groups of da Pont employees for 
transfer to Hanford Engineer Works as a nuoleus for its operating 
personnel. The school under Monsanto operation trained technical 



personnel In fields of nuolear soienoe. . 

8. Or sanitation and PwtiobmI, - Clinton Laboratorlee was de- 
aignad and oonatruotad by tha da Pont Company. Tha Daaign Project 
Manager for tha THX Saotlon waa H. T. Daniela. Construction was per- 
formed under the direct superrision of W. Irwin, Dlatrlet Superin- 
tendent for Clinton Laboratorlea , and J. D. Wilson, Field Project 
Manager. 

Clinton Laboratorlea, under M. D. Whitaker, Direotor, wee oper- 
ated aa a part of the Metallurgical Projeet. The operating organisa- 
tion oonalated of 236 persona in Anguat 1943 | reaehed a maximum of 
1513 persona in June 1944| and became stabilised at approximately 
1300 persona by the end of 1944. A total of 113 technically trained 
sen of the Speelal Engineer Detaohaent were aaaigned to Clinton 
Laboratories in order to orereoae the aearolty of qualified technical 
personnel. Upon assumption of Clinton operation by Monsanto Chemical 
Company* Dr. fthitaker remained as direotor until 1 June 1946, at 
which time he resigned and was replaced by a co-direotorahip consist* 
ing of Dr. James H. Lum as Bxeoutire Director and Dr. Eugene P. 
Ylgner as Direotor of Research* 

The Corps of Engineers maintained only a email staff at Clinton 
Laboratories beoauae fche District Engineer's Office was located only 
a few siles away. This staff was headed by Major B. J. Murphy, 
Operations Officer. 
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UANHATTAH DISTRICT HISTOHI 
BOOK I? * PHI PROJECT 
VOLUME 2 - RE9EAROI 
PART II - CLIXTOI LABORATORIES 

SECTIOE 1 • DRRODUCTIOI 

> 

J" 

1-1. ObJsotlTos . • The objectives of the construction and 
operation of tha Clinton Laboratories werei first, to proride 
Is olated facilities for research and derelopaent work, supplementing 
tha faellltlaa of tha Metallurgical Laboratory at tha University of 
Chioagoj second, to prorlda a pilot plant for aa many part* of tha 
procaaaea to ba uaad at tha Ranford Engineer Work* aa tha tins aehadula 
would panel t | and third, to produce tha anall quant it iaa of plutoniu* 
necessary for tha raaaaroh progran. 

1-2. Soopa* * Tha aeopa of tha work to ba carried out at tha 
Clinton Laboratoriaa included i 

1, Tha design, eonatruetion v and operation of an inter- 
mediate-aised uraniun-graphite Pile for the production 
of plutoniua* 

2 # Roaeareh and development toward e chemical pro case 
which could be uaed at the Hanford Enginaar Works for 
tha separation and isolation of plutoniun from uranium 
and the radioactive by-products . 

3. The organisation and operation of a technical training 
school for tha training of personnel for ultimate assign- 
ment to the Ranford Engineer Works* 



4. Chemical, physical, biological, and medical research 
and investigations of a general nature having a direct 
bearing on the Pile Project. 
1-3. Authorization . r- 

a. All action in connection with the institution and prose- 
cution of this project was taken under authority granted by Congress 

in the Acts which are described in another book (Book I); the funds 
used were likewise appropriated by Acts there described. 

b. Under the authority vested in him by these Acts, the 
President issued orders and authorizations which are described in the 
same book (Book I). 

c. Major General L. R. Groves directed or authorized the 
general policies and directives under which the Manhattan District 
carried out the work. The S-l Committee of the OSRD and the Military 
Policy Committee registered their general approval of the basic de- 
cisions involved, as recorded in the minutes of meetings or in other 
documents in the project files. (Book III, Appendix Dlj See also 
Section 6, Organization and Personnel). 

1-4. Location . - The site selected for the location of the 
Clinton Laboratories facilities was a tract of land of about 112 acres, 
situated in the northeast part of Roane County, Tennessee, lying in the 
Bethel Talley between Haw and Chestnut Ridges along the southwest 
border of the military reservation of the Clinton Engineer Works. (See 
Acp. Al). This site provided the isolation from centers of population 
required for the conduction of the research work, but was close enough to 
the cities of Knoxville, Clinton, Oak Ridge, Lenoir City, and Harriman, 

1.2 



Tennessee, to provide adequate living quarters for the personnel 
engaged in the work. 



SECTIOV 2 - DESKS AJfD OOffSTRUCTIO* 



2-1. Qeneral. - By the ftrat of January ^9h3, a decision had bean 
mad* by tha Military Policy Committee, acting on tha recommendation* 
of tha Director of tha Metallurgical Laboratory at tha University of 
Chicago, to construct an intermedia te-*i«ed, plutonium-production plant 
at Clinton Engineer Works, Tennessee* B. I. da Pont da Memoure and 
Company, Inc., agreed to undertake the design and construction of the 
semi-works and pilot plant, to be known as the Clinton Laboratories, at 
the Tennessee location, as well as the design, construction, and opera- 
tion of the large-scale, plutonium-production plant at the Banford Engi- 
neer Works. The operation of the Clinton Laboratories faeilitiea, how- 
ever, was to be undertaken by tha Metallurgical Laboratory, because of 
its close connection with the fundamental research, and because tha 
Clinton facilities were to be used for development of design data and 
of proceases, as well as for production of plutonium. The operation 
waa covered by a separata contract. Ho. W-7ho£ ang-39, between tha Man- 
hattan District and tha Metallurgical Laboratory, which became effective 
on 1 May 1?U3 (See Sec. 3). 

2-2, Negotiation of Contract . - Tha du Pont Company, in accept- 
ing tha undertaking, suggested that the work be conducted without 
profit and without patent rights of any kind accruing to them. How- 
ever, the du Pont Company did request that maximum protection against 

» 

losses be provided by the Qovernoent. It was agreed that a contract 
on a coat-plus-fixed-fee basis would bo entered into and that the 
fixed fee would be one dollar. Accordingly, a contract, No. W-7U12 

2.1 



eng-23, was awarded, by the Manhattan District, to the du Pont Company 
for the deeign and construction of Clinton Laboratories (See App. CI). 
2-3* Contractual Arrangements . 

a. Statement of Work. - The speoifie responsibilities of 



the du Pont Company were to design and construct a ■■all-scale plutonium 



sarily a translation of laboratory information into a production plant, 



with the operation of a unitdless than one-thousandth of the proposed 



capacity (See Vol. 2, Part 1) as the only available practical demon- 
stration of the basis production proceee. Thus, with no successful 
precedent to guide the design, the da Pont Company was reluctant to 
accept the responsibility for the adequacy of the design of this plant, 
and the staff of the Metallurgical Laboratory was designs tad ae the 
approving authority for all design feature a. The proposed plant was to 
consist of an air-cooled, uranium-graphite Pile for the production of 
plutonium j a chemical processing plant for the separation of plutonium 
from the uranium and fission by-products j chemical, physical, biolog- 
ical, and medical laboratorieej and other auxiliary administrative and 
service buildings and areas which were required because of the isolation 
of ths plant from ordinary commercial facilitiee. It was agreed that 
the physical plant wouXS be occupied by the personnel of the Metallurgi- 
cal Laboratory prior to actual completion in order that operation could 
begin at the earliest possibls moment, and that the du Pont Company 
would lend a large number of key technical personnel to ths Metallurgi- 
cal Laboratory in order to supplement its staff with man having the 
industrial experience necessary for ths operation of the Clinton plant, 



production plant at the Tennesese site. The proposed plant was neces- 
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as wall as to train these sen for future service at Hanford. 

b. Title to Property. - It was agreed that title to all 
equipment, supplies, buildings, and areas, and patent rights on proces- 
ses and equipment, would become the property of the Ooremment. 

e. Cost of Work. - The (terernment agreed to pay all costs 
of the work by direct reimbursement or through monthly allowances 
prorated by the contract to cow ad.inistr.tire and general expenses 
allocated to the work in accordance with normal dm Pont accounting 
practices. Under the terms of the contract, any portion of these 
allowances not actually expended by dm Pont were to be returned to the 
Government. 

2-ij. Performance of Construction Contractor. 

a. general. - Although the Wilmington Office of the da Pont 
Company was responsible for the actual design of all of the facilities 
at Clinton Laboratories, the responsibility for the adequacy of such 
design was that of the staff of the Metallurgical Laboratory, who 
approved all drawings in their final form. The Clinton Laboratories 
was constructed by the dm Pont Company and subcontractors in 1*3 «*d 
Iftk. In spits of such delaying factors as classified construction, the 
acute labor shortage, high labor turnover, unusually high rainfall, and 
the erer-changing recrements dictated by research results, completion 
dates were not excessively delayed for moat of the construction. By 
March 19Uh, all buildings and facilities were accepted as complete by 
the operating contractor and by the Government (See App. A 2, 23). 

b. Pile Facilities . - Dssign of ths facilities in the Pile 
(ICO) Area at Clinton Laboratories was initiated by the du Pont Design 
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Division on 15 January l?h3. This area consists of tha Pila (105) 
Building which oontaina tha uranium-graphite Pila and associated equip- 



nent, tha Exhauster (115) Building, tha Area Shop (101) Building, tha ' 



Uranium Storage Vault (103) Building, and tha Instrument Storage (102) 
Building, as well as other faeilities olosely aaaooiatad with the pro- 
duction, unit (Sea App, 1 2)« Actual construction work was begun in 
tha field on 1 February l?l»3» and the work had progressed to such a 
atage that tha Pila Area (See App» A 2k- 32) was turned over to tha 
personnel of tha Metallurgical Laboratory for test operations on 16 
October 1?U3* 



the Separation (200) Area were carried out along with the design and 
construction of the buildings and facilities of tha Pile Area, This 
area contains the Separation (205) Building, the Waste Storage (206) 
Area, and associated equipment and facilities (See App, A 2)» An under- 
ground water canal and walkway provides a safe means for transporting 
the highly radioactive material from the Pila Building to tha Separa- 
tion Building. Construction in tha Separation Area (Sea App* A 2l», 27, 
32-35) waa completed and the area turned over to the operating groups 
on 26 Xovember 1?U3» 



Clinton Laboratories was constructed to serve as a training facility 
for personnel to be assigned to tha Hanford Engineer Works* This area, 
consisting of one large building (Building 305), together with tha 
equipment and service facilities necessary for tha training program, 
was kept separata from si} other work at Clinton Laboratories under 



* 



o. Chemical Processing Plant* - Design and construction of 
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a separate Project number. 

Power and Communi cation Facilities , - Because of the 
isolation of the site from centers of population, it was necessary 
to provide adequate electrical and comnunication facilities to the 
area. Electrical power for this part of Tennessee was supplied by 
the Tennessee Valley Authority from its Immediate feeders at Norria, 
Watts' 9ar, and Fort Loudon hydroelectric plants. Power requirements 
for construction were est boated by the du Pont Company to be about 
300 kilowatts, and the operating requirements were estimated by the 
Metallurgical Laboratory to be at least 3^0 kilowatts initially, and 
perhaps 5000 kilowatts as the work expanded. On this basis a separate 
contract was negotiated with the Tennessee Valley Authority to furnish 
temporary power for use in both the construction and operation of the 
Clinton Laboratories (See App. C 2). The facilities provided consisted 

of outside electric power supply lines and four substations. In addition 

1 

to the power facilities, it was necessary to pro-ride telephone and 
teletype service to the area. Tie lines to the Southern Bell Telephone 
Company and the Western Union and Postal Telegraph Company, and ade- 
quate switchboards were installed early in 1°U3» Automatic dial tele- 
phone equipment was placed in operation during March l#iij. 

- 

f. General Service Facilities . - It was necessary to con- 

struct adequate general service facilities for the area. Because of the 

isolation of the site, separate water, steam, and sewage systems had 

to be provided (See App. A 36-4*1). The Layne Central Company of Memphis, 

Tennessee, was awarded a subcontract (See App. B 1), in February 19h3 t 

t 

for drilling a well for drinking water. Upon completion, however, the 

2.5 



wall water -ras found to be \ acteriologically unfit for drinking pur- 
pose 8. Consequently, it was necessary to continue hauling drinking 
water by tank truck fro* Clinton, Tennessee, about twenty miles away, 
until the river pum, ing and purification aye ten* were put into oper- 
ation in July 19k}* A septic system was installed, early in 19U3, for 
sewage treatment $ and a stem plant with two boilers, each rated at 530 
horsepower, was constructed in 19h3. Other general aerrice facilities 
include roads, walks, fences, drainage ditches, guard towers, a parking 
lot, and air lines* 

g . Process Area Service Facilities , - The 700 Area con- 
sisted of twenty-five service buildings and facilities, seven of which 
are directly connected with the process areas, and the balance with 
the general administration of the area (See App. A 2), The buildings 
associated with the process areas include the Chemistry Laboratory 
(706A) Building, Physics Laboratory (706B) Building, and the "Hot" 
Laboratory (706C) Building for experimentation with highly radioactive) 
materials (See App. A U2-h5). The buildings serving administration 
include the Hain Administration (703A) Building, together with a shop 
and supply building, a laundry, a cafeteria, a machine shop, first aid 
facilities, and patrol headquarters and fire stations. 

h. Subcontracts . - The awarding of subcontracts by the 
du Pont Company for certain phases of the construction work for this 
project was initiated for. the following reasons! to expedite con- 
struction; to obtain labor and supervision specialized in some par- 
ticular type of workj to eliminate purchase of special machinery and 
equipment needed only for a short period of timej to secure the very 



best workmanship in the fabrication of material and equipment; to n»ak» 
use of exteneive organisation and personnel of specialised contractors f 
and to obtain use of patent rights required by design, A total of 26 
subcontracts were awarded by the du Pont Company to various contractors 
for the construction of Clinton Laboratories (See App. B 1). These 
subcontracts were placed on a cost-plus-fixed-fee basis or on a lump 
sum basis. Eleven of these subcontract*, covered by half number pur- 
chase orders, were negotiated by the Wilmington Office of the da Pont 
Company and the balance, cowered by whole number orders, were negotiated 
and awarded by the Contractor's Field Office with the approval of the 
Wilmington Office and the Ares Engineer. 

i. Procurement . - la general, procurement was handled by 
both the du Pont Company and the Government. The Wilmington Office of 
the du Pont Company placed eoma 1300 purchase orders for materials and 
equipment, which could most efficiently and nsost economically be ob- 
tained through their existing purchasing department at Wilmington. The 
du Pont Field Office placed over $000 purchase orders for general build- 
ing materials and equipment, with the approval of the Wilmington Office. 
The Government negotiated direct contracts with other firms furnish- 
ing the Prime Contractor with ready-mixed concrete, crushed atone, gas- 
oline, oil, tires, tube^g and many other items. The Government furn- 
ished the special uranium metal for use by the operating contractor 
(See Book 711), as well as much office furniture and equipment and 
general materials. 

2-5. Construction Daisys . ^ 

s. Classified Construction. - The necessarily rigid 

» 

2.7 



security regulation* connected with the design and construction of 
these facilities did, in some ways, delay construction, but in spite 
of these regulations all construction was completed in time for the 
operations contractor to take over at the moot opportune time. 

b, Ubor Shortage, . Construction of Clinton Laboratories 
was <Jeiayed to quite an appreciable extent by an acute ehort.ge of 
both oonmon and skilled labor. During the aummsr of 1?U3 it was neces- 
sary to reschedule a considerable portion of the construction work 
because the available labor force was capable of performing only three- 
fourths of the work originally scheduled. It was also necessary for 
the Prims Contractor to recruit labor directly, in addition to the re- 
cruiting efforts of the War Manpower Commission. 

o. Labor Turnover . - In order to lower the labor turnover 
rate, which was rather high during the early period of construction, 
twenty-three special buses were subsidised by the dm Pont Company for 
the transportation of workers to the site. Although the city of Oak 
Ridge, Tennessee, which was to furnish housing facilities for workers 
at the site was in the process of construction (See Book I, Vol. 12), 
it became necessary for the Prime Contractor to set up barracks for 
common laborers in an^bandoned schoolhouse near the site in order to 
secure enough labor for the Job. Special personal considerations were 
also given the employees in an attempt to increase their morale, and 
the combination of all these positive steps aided materially in reduc- 
ing the labor turnover rate to a very reasonable value. 

d . manually High Rainfall. - Unusually heavy precipita- 
tion resulted in slowing 'down the construction at the eite during the 
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summer of 1?U3. The actual precipitation daring the month of July 19U3 
was 9.3 inches, as compared to the normal average for Jaly of only U.3 
inches. 

2-6. Emergency Additions, - Construction ( cost-plus- fixed-fee ) 
Contract W-31-109-eng-39 was negotiated during April 1°U6, with the 
J. A. Jones Construction Company of Charlotte, Worth Carolina. John 
Davidson (rice-president) and W. A. Cone (project manager) were assign- 
ed to management. This contractor was Just completing work in the K-2$ 
Area of the Clinton Engineer Works and had personnel, equipment, and 
materials available for immediate commencement of toe work. The need 
for immediate additional facilities (expansion of existing temporary 
plant) was occasioned by a large and sudden inflow of operating, 
technical and academic personnel as replacement for progressive loss 
of older key scientific people and for training school enrollment. 
The uncertain future of the Laboratories was relieved somewhat by an 
announcement covering a switch from wartime to peacetime planning for 
the application of Suelear Energy. Pr ess releases we re given at thi* 
time relative to the Power Pile and Radioisotope development program. 
"The architect-engineer firm of Holabird and Root under subcontracts to 
the prime operating contract began design of a new permanent Radio- 
isotope Building, along^with a site plan study for a permanent research 
laboratory. Subcontract negotiations began in March 19U6. During 
November I9U6, work began under an architect-engineer subcontract, 
between Monsanto and the Kellex Corporation of lew fork City for the 
design of a steam plant and a heterogeneous pile and related structures. 
Consultant subcontracts with organisations and individuals totaled hk 
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in number* 

2-7. Coat (3— JLpp. B 2-U) . - Tht total coat of design and 
construction of the Clinton Laboratories, as of 31 Dscember 1?U6, 
under Contract ff~7Ul2 eng-2J, approximately $12,032,000, of which 
$5,912,000 was spsnt for labor and $6,120,000 for materials and 
squipment. A breakdown of this coat indicates that the total construe- 
tion'coet for the Pile (100) Ires was $3,?55,000, of which $1,639,000 
was spent for labor and $2,316,000 for materials., The eost of design 
(included in the above) of this area was approximately $121,950. The 
total construction cost for the Separation (200) Area was about 
£2, 168, 000, $1,062,000 being expended on labor and $1,106,000 on 
materials. The design cost of the Separation Area was approximately 
$66,850 (included abore). Construction cost for ths Training School 
was $311,000, of which total approximately $10,000 was spent on design. 
Power and communications facilities were designed and constructed at a 
total coat of approximately $163,000, of which the design cost was 
about $5,000. Dssign and construction costs for the general ssrrios 
fscilitiss amounted to $U, 316,000, approximately $133,000 of which 
repreeente design costs. Process Area ssrrios facilities wars designed 
and constructed for a total of $1,119,000. The design cost of these 
facilities was about $$,000. 

The cost of making emergency additions to practically all of the 
original temporary structures, undertaken by ths J. A. Jones Construc- 
tion Company, Inc., in April 1?U6, amounted to about $1,009,000 by 31 
Daoember 19U6. The amount spent on Jabor was about $751,000 while 
material charges were listed at $255,000. 




SECTION 3 - OPERATION OP CLINTON LABORATORIES 

3-1. Selection of Original Operating Contractor . 

a. General . - The accomplishment of the Clinton Laboratories 
objectives Involved research and development work in a scientific field 
in which the total knowledge, early in 1°4»3, vas Halted to the results 
of theoretical calculations and of a few snail-scale experiments. The 
very character of the work imposed severe limitations on the number of 
contractors froa which the selection of an operating contractor could 
be mads. The dn Pont Company, which designed and constructed the 
Clinton Laboratories, was considered qualified to perform the operating 
functions bat was not selected because of other heavy war commitments, 
one of which was the design, construction, and operation of the large- 
seals platoniua-prodnction plant at the Hanford Engineer Works, and 
because of the inadvisability of having one contractor responsible for 
the execution of the entire Pile Project. Since most of the plutonium 
research studies and investigations performed under the supervision of 
the Office of Scientific Research and Development had been conducted 
by the Metallurgical Laboratory at the University of Chicago (See Vol. 
2, Part I), it was obvious that, although no organisation possessed 
complete experience or special information in the field involved, the 
University of Chicago was best fitted to operate ths Clinton Laborato- 
ries. Although the pilot plant was to be operated as a part of the 
Metallurgical Project, it was not desirable, for reasons of security, 
to have the University of Chicago's name associated with the work to be 
performed at the Clinton Engineer Works. Thus, the organisation known 




as Clinton Laboratories was foraed and, although not incorporated, 
it functioned as a corporation with the permission of the State of 
Tennessee* 

b. Negotiation of Original Contract . - The University of 
Chicago agreed at the outset of negotiations to enter into a contract 
to carry out the program at Clinton Laboratories for no fee. Because 
of the mmanal nature of the work and the unpredictable results of 
experimentation, however, it was suggested that provision be mads in 
the contract to relieve the University of responsibility in the defense) 
of claims against it, resulting from actions or omissions in the per- 
formance of the work, whereby the Government would discharge all final 
judgments entered against the contractor* Assumption of these obli- 
gations by the Government was approved and authorised by the President 
of the United States, under the powers conferred upon him by the First 
war Powers Act of l&L, and was included in the terms of Contract Bo* 
W-7i|0£-«ng-39 (See App. C 3)* Also included in ths contract was the 
provision that a flat sum, equal to twenty per cent of ths total direct 
wages and salaries, and in no event less than $»,£00 per month, be 
paid directly to the University of Chicago to cover administrative and 
other expenses not otherwise reimbursable under the general terms of 
the contract. ^? 

3-2. Contractual Arrangements . 

a. Statement of Work. - Under the terms of the contract, 

i 

the University of Chicago waa to conduct such research, experimental, 
and development work as was necessary to develop a manufacturing 
technique for the production of plutonius in small quantities. Ths 
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pilot plant at Clinton laboratories was to be operated, in addition, 
for the purpose of carrying out a training program for personnel who 
would eventually be transferred to the Hanford Engineer Works. Finally, 
such medical and biological research as was deemed necessary for Project 
activities was to be carried out subject to the approval of the Con- 
tracting Officer. 
J 

b. Title to Property . - All materials, tools, machinery, 
equipment and supplies, as well as all data and notes concerning the 
design, construction, and development of the process and all patent 
rights were to become the sols property of the Government. Such 
property, however, was to remain in the custody of the contractor during 
the term of the contract for use In the performance of the work* 

c. Cost of w ork » • The University of Chicago was to be 
reimbursed for all actual and specific costs and expenses incurred 

in the performance of the work. Reimbursements were to be mads by the 
Government upon presentation of vouchers or receipted invoices to the 
Contracting Officer* The total appropriation for the operation of the 
Clinton Laboratories from 1 March 19h3 until 30 June 19hh, as provided 
by the contract, was not to exceed $6,650,000. Supplemental agreements, 
however, increased the. amount to $17,000,000 in order to cover the cost 
of the work when the term of the contract was extended from 30 June 
19hk to 30 June I9h$. 

3-3. Performance of Original Contractor * 

a. General * - Operating personnel arrived at Clinton 
Laboratories at the Clinton Engineer **orks, in the spring and summer 
of 1?U3* Although construction work was not completed until about 



Msroh I9kh» the production unit went Into op* ration on U November 

-■ — 

19b3 and plutonium was bslng dtllrartd as early as 1 February 19Ui. 
Throughout tho yuar 19hh and the early part of 1?U5, Clinton 
Laboratories waa able to moot tho assigned sohsduls for plutonium 

production* Thus, during tho pariod of tho oontraet, a aufficiant 

I 

amount of plutoniu* was manufactured to satisfy all raqulrononta for 

J 

experimental workf a satisfactory aoparatlon and iaolation tochniquo 
waa developed for uao at tho Ranford Engineer WorkSf and tho gonsral 
medical, chemical, physical, and biological research waa oonduetod 
to tho satisfaction of tho %forn m o nt» 

b» goalth Program (Sop Booh I. Vol, 7) » • A health program 
was eetabliahed and maintained at Clinton Laboratories in order to 
prorido for tho health of tho operating personnel. Tho unusual and 
unpredictable health ha sards connected with nuoh of the work made It 
nseesaary to maintain a strict check on personnel by means of periodic 
physical examinations and by limiting the working time in particularly 
haaardous areas* 

o* Safety Progran (Sot Book I. Vol 11). • an active safsty 
program was maintained at Clinton Laboratories through aafety lectures, 
posters, guides, and peraonal oontact with all employees* The success 

V 

of tills progron is indicated by the fact that Clinton laboratories 
ranked high in the Manhattan District safety ratings which in turn 
compare very favorably with normal industrial ratings* 

d* Intelligenoo and Security Program . - Operations at 
Clinton Laboratoriee were claaaified'by the Manhattan District as 
■Secret," and in some apeoial cases "Top Secret** These classifications 

• 
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necessitated the establishment and maintenance of a strict intelli- 
gence and security check on all personnel, materials, and operations. 
The general Intelligence and Security Program of the Manhattan Dis- 
trict (See Book I, Vol. Ik) was followed by the University of Chicago 
at Clinton Laboratories* 

s. Personnel . - In general the wage scales, hours of work, 
J 

and working conditions for ordinary labor at Clinton Laboratories were 
in accordance with the over-ell labor policies of the Manhattan Dis- 
trict and with the Labor Relations Board directives. Efforts were 
made to maintain high morale among the employeee through group ath- 
letics, graded pay increases, and assistance on housing (See Book I, 
Vol. 12), transportation, and other personal problems. 

Contractual Changeover . - By letter of 1 May 19h$, the 
Monsanto Chemical Company contracted to commence operation of Clinton 
Laboratories on 1 July 1?U5, under Contract W-3$-058 eng-71, continuing 
operations theretofore carried on by the University of Chicago. The 
Government and the University, in mutual agreement, determined that 
it would be in the best interest of the Government to have this effort 
continued by the Monsanto Chemical Company which would assume all 
obligations, facilities, supplies, a nd equipment employed on this work 
by the University, provided it was owned by the Government. It was 
acknowledged that the Chicago group, having successfully accomplished 
their mission and assignment under Contract *-lkO$ eng-3? (»•• para- 
graphs 2 a and b) dssired a return to the straight academic field, 
leaving this particular laboratory operation to a commercial organi- 
sation known to be properly equipped for the task at hand. Since the 



University had incurred certain claims, liabilities, obligation*, and 
coaraitmente, it was conaidared in tha beat interest of the Government 
to have them liquidated under the succeeding contract which was to be 
inside the scope of the original. 

Cost of Operation, - The total cost of operating Clinton 
Laboratories under both contracts, by 31 December 19U6, amounted to 
$22,350,000. For Contract W-7U0$ eng-3* (1 March ljUj - 30 Jons 19h$), 
this totalled $12,325,000, of which $6,81*2,000 was paid out in salaries, 
#1,780,000 in general operating expenses, and $703,000 had been received 
in materials and services furnished by the Government. The cost under 
Contract W-35-OS8 eng-71 (1 *»ly 19U5 - 31 December 1?U6) amounted 
to $9,92$, 000. 



SECTIOH U - PBODUCTIOH OF PLUTONIUM 



U-l. Qoneral . - On* of tha primary objectives of the work at 
Clinton Laboretoriee was the production of a small quantity of 
plutonitra. Because the performance of many fundamental experiments 

baring to do with the physical, chemical, and metallurgical properties 

... * 

of fAutoniun depended upon the early receipt of this material, it was 
extremely important that the relatively small quantitiee required be 
made available at the earliest possible date. In addition to the 
Plutonium needed for the investigation and establishment of ite 
properties, it was essential that enough be produced for use in the 
development of a process for the separation of plutonium from uranium 
and the radioactive fission products. *ith this objective in view, 
an air-cooled uranium-graphite Pile of lOOO-kilowatt capacity waa 
designed and constructed by the du Pont Company at Clinton Labora- 
tories (See Par. 2 -It), with the expectation that, after the Pile waa 
tested and operated, changes could easily be effected whereby the 
rate of plutonium production could be increased. Since original plans 
for the large-scale Piles at Hanford pointed to the use of helium 
as s cooling medium, it was expected that the Clinton Pile would 
serve ss a pilot planjpfor the larger Installations, Although the 
plans for the main plant were changed to include water-cooled units 
(See Vol. 2, Part I), the pilot plant retained its air-cooled 
system in the belief that the production of the few grama of plutonium 
needed for experimental purposes would be accomplished more quickly 
if s change in design were avoided. 



a. . Qgggrg| » - The Clinton Laboratories Pile consists 
essentially of a 2U-foot cube of graphite blocka with (1) horiion- 
tal holsa (for tha uranium slugs) travarsing tha Pila from front to 
rear, and (2) holes (for control roda, safety roda , and experimental 
purposes) at right anglea to tha charging holes, both horiaontally 
axA vertically. Cooling air ia drawn by fana through tha charging 
holes, around tha slugs , a nd «xhauat«d up a stack, Tha nominal da— 
aigned power output, or tha rata of heat dissipation, ia 1000 kilo- 
watts, necessitating that tha Pila be completely eurrounded by con- 
crete shielding to reduce tha radiations generated at this level of 
operation to eafa limit a, HI openings through tha shielding which 
give aeosss to tha experimental and operating channels are equipped 
with plugs which are removed only whan tha power output ia suffi- 
ciently low to prevent a dangerous amount of radiation from escaping 
through these openings. 

b«. graphite Matrix (Sea App. A 3. t») , - The graphite is 
built up as s 2U by 2U-foot square section, 2 It fa«t-U inches high, 
by 73 courses of U-inah square graphite blocks of lengths varying 
from sight to fifty inches. Metal channels through tha blocks are 
'arranged on eight-intn centers at the face of tha Pile, in 36 hori- 
■ontal rows of 35 holes each. The channels are 1-3A Inches square 
in cross section set qn edge. The charging tubee, inch stand- 

ard pips, extend two inches into tha ends of tha blocks at tha front 
face of the Pile. On the rear face of the Pile, the top of each 

i 

metal channel ia out in a rectangular opening to prevent possible 



binding of the slugs at the top of th« channel during discharge. A 
removable core, separately constructed and keyed as an integral unit, 
is provided to permit the trial of different s pacings of metal chan- 
nels for "lattice dimension experiments."* 

c. Pils Shielding (See ip». A k) , - Tha Clinton Pile is 
completely surroundad by a seven-foot thickness of concrete shielding. 
Tha iutaide of tha shielded Pile ia approximately 1*7 feat long by 38 
feet wide by 35 feet high. The shield on the front or charging face 
consists of seven laminations, tha outside two of standard concrete, 
nine inohee thick, inside of which are walls of three-inch precast 
standard concrete blocks to register tha 1260 charging tubes on eight- 
inch centers | on tha inside face of each precast block is a heavy, 
pitch coating used to prevent loss of water from tha special Haydite- 
barytee concrete which forms the central five-foot lamination. Tha 
special concrete has tha property of retaining permanently 10% or more 
t of its weight of water whan tha density of tha concrete is at least 
l£0 pounds per cub is foot after curing j its use in the shield is the 
result of the effectiveness of the hydrogen in tha water in stopping 
neutrons. Tha side and rear shielda consist of five laminations t 
two 12-inch standard concrete outer walls, two layers of heavy pitch, 
and a five-foot centra**? section of Haydite-barytea concrete. The 
roof slab also has fivs laminations t the bottom layer, consisting of 
18 inches of standard reinforced concrete, has sufficient strength to 
support the superimposed load) following this layer are five feet of 
the special Haydite-barytee concrete^ between two layers of pitch) 
tha top layer consists of six inches of standard concrete. 



d. Pile 3hlolding Openings (See App. A 5-6 )• - The front 
face of the Pile shielding has, in addition to the 1260 openings for 
the charging tubes, a large opening near the center which is closed 
by a concrete-filled steel ping to be used in connection with the 20- 
inch by 2U-inch removable core. Bach side wall contains 29 openings t 
two openings for regulating rods} four openings for shim rods} ten 
openings for experimental investigations, such as, measurement of 
neutron cross sections ami production of radioactive materials} nine 
openings for the insertion of "foils**} and four openings for ionisa- 
tion chambers. The back wall contains an opening slightly larger than 
20 inches by 2k Inches to facilitate removal of the graphite core} 
this opening is surrounded by six holes arranged for experimental and 
observation purposes. The roof slab contains a vertical five-foot 
square opening which is centered on the graphite structure. This 
central opening is surrounded by six circular holes for safsty rods. 
There are 35 vertical openings in the top of the Pile shielding (above 
the rear face of the) Pile) for the insertion of a scanning mechanism 
which would permit a determination of the temperature and radioactivi- 
ty of the air emerging from any metal channel. Two adjacent openings 
in the roof of the shielding, each equipped with an aluminum carriage 
and three lead gates, Speralt the insertion and withdrawal of animal 
cagee during Pile operation. Because of the intensity of the radi- 
ation that escapes through even a very email space around any of the 
various openings in the Pile shielding, specially designed plugs are 
used as closures during Pile operation (See App. A The openings 
consist of a series of steps resulting from diameter changes, forming 




a labyrinth which it intended to reflect the radiation several time* 
and thus prevent direct amission* 

•« Cooling System. - The heat generated in the Pile is 



is maintained under vacuum by fans which discharge the air from the 
Pile to a 200-foot stack* The cooling air ie drawn into the Pile 



Building and filtered. The filtered air enters a concrete duct and 
flows around either side of a U-ehaped baffle designed to prevent 
neutron and gamma radiations from reaching the filters. The air 
from the duct is drawn upward past the front face of the Pile, and, 
entering the metal channels through slots provided in each of the 
steel pipe charging tubes, is discharged at the rear face of the Pile. 
In addition to the air drawn through the Pile in this manner, approx- 
imately one per cent of the volume is drawn directly through the 
concrete shielding into the air chamber at the rear of the Pile in 
order to prevent excessive thermal expansion and loss of moisture from 
the Haydite-barytes concrete. Air from the discharge chamber ie drawn 
through a concrete duct to the Fan House where, after passing through 
a series of U-bends, it goes through the fans and is discharged to the 
stack. Water spray nossles in the staok and fan cells serve to wash 



away any radioactive dtfflts that may be deposited. The cooling system 
was originally equipped with three fansi one stand-by, steam-driven 
fan with a eapaeity of 5000 cubic feet per minute j and two electrically- 
driven fans sach having a capacity of 30,000 cubic feet per minute. 
In July 19hk, the latter were replaced by two electrically-driven fans 
each having a capacity of ,70,000 cubic feet per minute (See App. A 1*6), 



removed by a flow of cooling air (Sets App. A 10). The entire system 
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In order to increase the effectiveness of the Pile cooling system. 

f. Pile Controls (See App. A ll-»la). - In order to produce 
Plutonian safely it is necessary that the Pile reaction be controlled 
at all tines. To accomplish this control, the Clinton Laboratories 
Pile was provided with safety rods and tubes, regulating rods, and shin 

rods, four 1.5-per-cent boron steel safety rods, 1-1/2 inches in 

» 

diameter and eight feet long, are suspended above the Pile, operating 
vertically by gravity. These rods, operating either manually or 
automatically, are designed to shut ths Pile down very rapidly in case 
of an emergency greater than can be handled effectively by the regu- 
lating and shin rods. Two vertical, empty, closed-end tubes are 
built into the Pile to receive a quantity of boron steel shot, normally 
held in containers outside the Pile and above the tubee. The shot can 
be released manually as s final effort (after other methods have failed) 
to stop the Pile reaction* Two horisontal l.$-per-cent boron steel 
regulating rode, 1-3/k inehee square and 19 feet long, and coupled at 
their outer ends to steel racks 22 feet long, can be operated nanually 
or automatically to effect fine control of the Pile reaction. These 
rods are normally used one at a time, 'our shim rods, similar to the 
regulating rods, have two functional first, to shut the Pile down when 
the' need arises; second^ to compensate for variations in operation which 
are too large to be handled by the regulating rods. The shim rods are 
normally operated n*nn»lly but an automatic system is provided for 
complete insertion during an emergency. Manual operation of the Pile 
controls nay be effected from the main control panel (See 1pp. A 15, 1»7)« 
g« Slug Handling Facilities . - An elevator along the front 



face of the Pile carries a pair of tracks for two charging machines 
(3m App. A U8, U?). These machines charge the uranium, which is in 
the font of slug* approximately one inch in diameter and four inches 
long and jacketed with aluminum, into the Pile. As a new slug is 
pushed into the Pile, an irradiated slug i» forced out at the rear 
face. The discharged slug falls freely downward onto one of two 
mat&ess pads and slides through water down a stainless steel chute 
into a stainless steel bucket in the discharge pit (See App. A 7). 
The discharge pit, which is approximately seven t—% square and 
contains a 20-foot depth of water, is connected to a horizontal 
storage trench, approximately seven feet wide, 65 feet long, and 
nine feet deep. A canal for the transfer of slugs to the Separatiom 
Building runs from the end of this storage trench. A monorail crane 
carrying an electric hoist is located abate the trench and canal to 
facilitate the movement and delivery of buckets. 

U-3. Pile Start-Op . - The Clinton Laboratories Pilm was charged 
with approximately 35 tons of uranium in the form of Jacketed slugs 
and operations were begun on k lovember 1?U3. This start-up date was 
a few weeks later than the requested date as the result of changes 
•ade in the Pile metal channels, such as the chamfering of the ends of 
each graphite block & o«ch channel and the cutting away of the tops 
of each channel at the rear Pile face. Although these changes delayed 
the start-up slightly,. a net delay in the production schedule was 
undoubtedly avoided since the possibility of slugs becoming wedged 
in the channels was greatly lessened by these changes. Within a few 
days after the start-up, the Pile was brought to a power level of 




500 kilowatts with a maximum slug surface temperature of 110 degrees 

Centigrade, In a short time, a power level of 800 kilowatt* was 

attained by plugging some of the outer channels and through ths use 

of a maximum slug surface temperature of 150 degrees Centigrade. 

Daring and after Pile start-up many fundamental investigation* were 

carried on, such ast investigation of the change of period with Pile 
J 

loading} temperature measurement* and Pile power calibration} determi- 
nation of a temperature coefficient for the Pile} calibration of 
control rods i observation of the reaction of the Pile to control 
rod movement} measurement of "neutron flux"*} and determination of 
stack activity (See *pp. C $}• 

k-k, Inorsaso of Operating level * * Although the operating level 
of the Pile was maintained at its rated value, engineering studies 
made during the early part of 1?U» indicated that the operating level 
and, consequently, the rate of production of plutonium could be sub* 
stent ially increased by making a few rather minor changes* Whereas 
the Pile was previously operated with h$9 channels loaded with 65 
slugs each, in March 19bk, a new loading, consisting of 709 channels 
with hh slugs each, was adopted. This new loading method, designed 
to change the shape of the lattice arrangement, permitted a higher 
power output without attaining too high a temperature by reducing the 
amount of uranium near the center of the Pile relative to that farther 
out. The efficiency of the air cooling system was Increased by the 
use of well designed plugs for checking the flow of air through channels 
which did not contain uranium. Finally, the use of slugs with improved 
are-welded jackets permitted raising the temperature of the Pile so 

lu8 




that the hottest slugs had a surface t nperature of 200 degrees Centi- 
grade . As a result of these changes a power level of 1800 kilowatts 
was attained in May l?Uu la June and July 1?UU, the installation 
of two large fans, each having a capacity of about 70,000 cubic 
feet per minute, permitted a further increase in the Pile power level. 

The combined effect of these changes mad* it possible to operate the 

» 

Pile it a level of UOOO kilowatts, or four times the designed operating 
level, nd brought about an appreciable increase in the rate of 
plutonium production* 

U-f>. Interruptions of Operation . - At no time «rere serious 
difficulties encountered in connection with the operation of the 
Pile proper. In ease of control, steadiness of operation, and pro- 
duet ion of plutonium, the Clinton Laboratories Pile was very satis- 
factory. There were no failures attributable to a is takes in design 
or construction — - a remarkable fact, considering that this plant was 
constructed without previous experience and was designed on the basis 
of the meager data available in 1°U2» Some interruptions were 
encountered in Pile operation, however, as a result of failures is the 
cooling system. In August 19hk t one of the large fans failed, necessi- 
tating the installation of one of the old fans, having a capacity of 
30,000 cubic feet per mutate, while the large fan was being repaired. 
The fan was repaired and reinstalled in September of I?U1*. Fan-bearing 
trouble also resulted in interruption of operation during October and 
November of 19hkm In order to reduce troubles of this nature a system 
for constant surveillance of the fan bearings was installed (See App. 
A 50). The schedule for production of plutonium was maintained in 




•pita of the operating difficulties mentioned above, and at no time, 
except in January l?Ui, was it behind that originally estimated. (See 
App. C 6 and special "Top Secret" Appendix to this book). 

U-6. Completion ef Work. - By 1 February 19kk, three months 
after operations were begun, sufficient plutonium had been delivered 
to enable the moat Important experiments to be carried out. By 1 
Marchyl?iiii f several grams of plntonium had been delivered. The Pile 
was operated for the purpose of producing plntonium until January 
19h$, at which time sufficient plutonium had been produced (about 20 
per cent more than originally estimated) to meet the experimental 
requiremente (See special "Top Secret" Appendix to this book). 
After January 1?U5, the Pile was operated for the purpose of pro- 
ducing other radioactive materials, such as radioactive barium, 
slrconium, lanthanum, &*d antimony, for the research program at Han- 
ford, Chicago, Los Alamos, and other requirements of the Manhattan 
District Project. 




SECTIOH 5 - DEVELOPMENT OF A SEPAHATIOI PHOCESS 

5-1. General . - On* of th« main objectives of the Clinton Labora- 
tories ^as the development and test, under plant conditions, of a 
workable and reliable process for th* separation of plutonium fro* 
uranium and the number of highly radioactive by-products formed by the 
Pile faction* A masher of methods for effecting this separation were 
proposed and investigated by the staff of the Metallurgical Laboratory 
at the University of Chicago? these could be classed in four general 
categories > precipitation processes, adsorption processes, solvent 
extraction processes, and a volatility process (See Vol. 2, Part I), 
Because of the progress eade in the study of precipitation methods by 
June 19U3, the time at which plant design waa started, it was dseided 
that these method* would be adopted for the Clinton and Ranford plants. 
TWo precipitation processes, one using lanthanum fluoride as the 
carrier precipitate and the other using bismuth phosphate as the car- 
rier, received a great deal of attention. Lanthanum fluoride was the 
more efficient carrier, carrying plutoniun at a weight ratio of five 
parts of lanthanum fluoride to one part of plutoniun fluoride as opposed 
to a ratio of 90 parts of bismuth phosphate to one part of plutoniun 
phosphate, but corrosio^ tests indicated that a process utilising bis- 
muth phosphats would present fewer operating problems in a large-scale 
plant. The process finally chosen represented a combination of the two 
processes whereby bismuth phosphats was employed as the carrier in the 
extraction steps and lanthanum fluoride was used in the concentration 
and isolation steps. Thus the activities of the Clinton Laboratories 



staff were directed toward s 

1. Elaborating on and improving the separation process 
outlined by the Metallurgical Laboratory and proving 
this process under plant conditions. 

2. Establishing the reproducibility of the optima process 
conditions In order to pereit predictions concerning 

J Hartford operations* 

3. Testing alternate processes in the event of difficulties 
encountered in the use of ths process chosen for Hanford. 

U. Studying the selected process from the standpoint of ths 
chemical mechanises involved to insure against failure 
during plant operation. 
5-2. Description of Facilities . 

a. Qeneral . - The initial development and testing of the 
separation process was done on a laboratory-scale by cheeists at the 
University of Chicago and at Clinton Laboratories, working with stand* 
ard chemical apparatus and techniques. With the success of the labo- 
ratory tests assured, a snail seal-works was constructed at Clinton 
Laboratories as an intermediate step between the laboratory and the 
pilot plant (See 1pp. A U2, 51). The seal-works was used for process 
development and operate^rconcurrently with the pilot plant for the 
separation process. 

b. Pilot Plant . - The Separation (20$) Building contained 
six eslls (Sea 1pp. A 16), one for the dissolution of the irradiated 
uraniua slugs] four for plutoniua recovery and purification, and waste 
neutralization} and one (double sisa) for the storage of contaminated 
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equipment that had failed in operation. These cells, containing the 
process equipment , were separated from the control room and from one 
another by thick concrete walls which served to shield operating 
personnel flrom the radioactive emissions which accompanied ths process. 
Because of the high radiation levels present throughout ths process, 
remote control of operations was necessary-) consequently, all opera- 
tion*' within the cells were controlled from panel boards located in 
the control room (See 1pp. A 17, 52, 53). la general, each of the 
cells used for plutonium recovery and purification contained a •pre- 
cipitator"*, a centrifuge , a catch tank, and a neutraliser as well aa 
the necessary process piping and drainage and waste systems (See App. 
A 18-20). Process wastee were led, through burled piping, to under- 
ground storage tanks (See App. A 21, 22) to be held until proper 
disposition of these wastee could be mads. Cooling water used in the 
process was held la retention ponds for testing and dilution before 
discharge. Drainage from the floors of the cells was held in under- 
ground tanks for analysis) if ths drainage was not too greatly contam- 
inated, it was discharged through ths retention ponds to White Oak 
Creek. A 200-foot stack was provided to exhaust the gaseous wastes 
to ths atmosphere) a ventilation system supplied air for ths dilution 
of the gases from the solver. 

5-3. Process Development . - On 20 December 19h3, the first batch 
of slugs from ths Pils were received in the Separation Building for pro- 
cess. By ths end of January 1?UU, uranium was being received at the 
rate of one-third of a ton per day and by 1 February 19UU the first out- 
put of plutonium had been delivered. With the success of the process 



thus insured , considerable improvement In the efficiency of the process 
was achieved during by studies of its many variables. Problems 
arising during plant operation were studied in the seai-^rorks and the 
results obtained were utilized as a basis for future operations. Dur- 
ing this period, the efficiency of the carrying of plutoninm was found 
to depend upon the rate at which the carrier was precipitated, the tine 
of " Ages t ion" » following the precipitation, and the method used to 
fore the carrier precipitate. As a result of the persistent develop- 
ment work in the laboratory and seed-works, the pilot plant de contam- 
ination factor (a factor indicating the degree of separation of the unde 
air able radioactive fission products frost plutonium) was increased 
many thousandfold through the use of scavengers such as ilrconium and 
cerium, and the production yields were increased from an initial value 
of 50 per cent to approximately 90 per cent, by the adoption of a 
series of washes following each precipitation and the installation of 
more efficient agitators in the solution tanks. Although no basic 
changes were required, process and equipment modifications were made 
whenever necessary to Improve the efficiency of the process. 

£4t. Final Tests and Recommendations. - With the most favorable 
conditions for pilot plant operation chosen, additional equipment was 
installed in the Separation Building so that the process could be 
carried out without re-using equipment for a number of steps » A In this 
way operating conditions at Hanford were simulated as nearly as 
possible in the pilot plant. Test runs with this equipment furnished 
data which, togsther with the results of laboratory-scale runs and 
data from serai-works runs, using the concentration levels of plutonium 



and inactive fission products to be encountered at Hanford, furnished 
a sound basis for predicting Hanford operating conditions. The final 
tests performed on full plant scale, for the purpose of developing and 
testing the separation process for us* at Hanford, were completed ia 
August 19Uu A formal report was issued by the Clinton Laboratories 
on 1 October based on the results of these tests, recommending 

optlpnm operating conditions for Hanford (See App. C 7). Prior to the 
publication of this report, the pertinent details were made available 
to the interested personnel at Hanford, by neans of informal progress 
reports and personal contact* Further tests, designed to improve the 
over-ell process efficiency, were completed in November l?Ui and the 
recommendations based upon their results were issued as a supplement 
to the above report* Upon the completion of the work in the Clinton 
Laboratories Separation Plant, the experimental data pertaining to the 
process were summarised in a report dated 20 July 19h5 (See App. C 8). 
Development of Isolation Process) , 

a. Oeneral. - Although the separation process was designed 
to separate the plutoalum from the uranium and undesirable fission 
products, it did not offer a suitable means either of isolating the 
Plutonium free from all impurities or of preparing the plutonlua for 
shipment and use* It Igaa necessary, therefore, to develop a process 
by which the plutonium could be isolated in a usable form free from 
all metallic impurity. 

i 

b. Method. - The solution resulting from the separation 

process contained, in addition to plutonium, a rather large amount 

♦ 

of the elesent lanthanum, which was used In the final steps of the 



separation process as a carrier precipitate. It was necessary to treat 
this solution in such a way that the plutonitw would precipitate in a 
rather pure state, leaving the lanthanum and other imparities in solu- 
tion. Based on information gained by the processing of sane 37 batches 
of aaterial in a specially designed laboratory (3ee App. 1 $h), a method, 
based on the precipitation, solution, and repreeipi tat lorn of plutoniua 
peroxjkfts from the solution received frosj the separation plant, was 
developed. Studies made, to determine the beat plutonius) compound for 
shipment of ths product between sites, indicated that the nitrate was 
most satisfactory for general use. Recommendations for an isolation 
process were furnished the Banford Engineer Works in two formal reports 
(See App. G 7 f 9U 

5-6. Uranium Wastes. 

a. Storage. - In view of the limited world supply of uranium 
metal, provisions were made for storing the waste uranium solutions from 
the Separation Building in large underground storage tanks (See App. A 
22, 3a). Six tanks, having a total capacity of about one million gal- 
lons, were provided, and these also served as storage tanks for radio* 
active waste solutions from the Separation Building, before ultimate 
discharge into nearby streams. 

1 b. Recovery^— The development of a process for ths recovery 

of uranium, held up in the active waste solutions from the separation 
process testa, was begun in the fall of 19hk. A recovery process, based 
on the extraction of the uranium from a water solution by an organis 

solvent, was carried through ths initial phases of process design and 

♦ 

promised to be a very satisfactory method (See App. C 10, 11). 

» 
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Inasmuch as the handling of this large bulk of solution would bo simpli- 
fied as tine want on, be causa tha radioactive fission products wars 
diainta grating and thus becoming stable, and sines thsrs was no iame— 
diate dasiand for recovery of tha uranium mstal aithar at Clinton labors* 
tories or at tha Hanford Snginssr Works, tha work on this problss was 
limited to tha development of a process for uranium recovery to be used 



5-7. Conpletion of Work. - During the period from Deeesber 19U3 
to January 19k$, a total of 209 batchas of irradiated uranium slugs 
were processed is the Separation Building, using three different type 
charges, all of which yielded smallest results. Valuable information 
was gained in the operating techniques eonneeted with the separatism 
process, through the work doom is the Clinton Laboratories pilot plant, 
and key personnel, whs were later to be assigned to the Hanford Engineer 
Works, were given a thorough training course in the fundamentals of 
process operation. At the conclusion of the operating period, January 
19U5» experienced personnel carried oat a thorough program to remove 
all radioactive substances from the equipment and cells, so that the 
pilot plant could be placed in a standby condition. 

5-8. Development of Alternate Process . - Although the Bismuth 

Phosphate Process had b^vn accepted for use at Hanford, a group of 

chemists st Clinton Laboratories was assigned the task of dsvsloping 

an alternate process for the separation of plutoniua from tha uranium 

and fission products by an adsorption method. This research was 

believed to be necessary, sines this new method, if successful, would 

t 

be very simple both as to construction and operation and would provide 




an alternative in the event of the failure of the precipitation process. 
Sufficient results were accumulated, based upon the behavior of the ad- 
sorption systems studied, to show that, by the use of simple "adsorp- 
tion columns,"* a process for the separation of Plutonium from the undes- 
irable contaminants would be quite feasible. However, in June 19hh, 
when it became obvious that the Bismuth Phosphate Process would be 
satisfactory for use at Hanford, research work on the alternate method 
was discontinued. 

5-9. Chemical 3tudies of Fission Products and Heavy Elements . - 
Chemical research connected with uranium, plutonlum, other heavy ele- 
ments, and the fission products was begun in September 19U3, but was 
of secondary importance because of the urgency of process develop- 
ment problems and their manpower demands. However, with the discharge 
of responsibilities in this field, basic chemical research increased 
until it occupied a large part of the chemists* program at Clinton 
Laboratories. The fields for study have been the chemical clarifica- 
tion of the phenomena associated with fission, the chemical potential- 
ities of the Clinton Pile, and the characteristics of the various 
nuclear reactions. 

a. Studies of the Process of Fission . - Studies of ths pro- 
cess of fission have lfS to a more accurate idea of the proportion of 
the total energy of fission which is contained in the radioactive 
fission products and of the rate of release of tills energy. The pro- 
ducts of fission, of which about 150 are now known, have been further 
characterized with respect to amounts produced, chemical properties, 
nature of radiation emitted, and rates of decay. Information of this 

» 

5.8 



type, collected in conjunction with the staff of the Metallurgical 
Laboratory, haa been used in improving the plutonium separation pro- 
caaa and in planning for personnel protection and waste uraniu» 
disposal at Hanford (See 1pp. C 12). 

b. Studies of the Chemistry of Plutonium. - Prior to Clinton 
■tart-op, plutonium existed only in Microscopic amounts and its chem- 
ical and physical properties were not known as well as was desired. 
Therefore, a program for the study of the chemistry of plutoniiai waa 
inaugurated as soon as sufficient amounts ware made available. The 
development of the separation process depended to a great extent upon 
the results of this research. A number of immediate problems attacked 
included the study of the suitability of various plutonlum compounds 
for their ease of preparation, stability, ability to withstand storage 
and shipment, and degree and ease of solubility. 

5-10. Radioisotopes. - Following the end of hostilities, much 
of the work of the scientific and technical groups was directed toward 
developing peace time uses of the various piles. Radioisotopes devel- 
oped therefrom were to be used in the fundamental and applied sciences, 
particularly biological and medical. The release for public use of 
these isotopes was one of the most significant peace time results of the 
great investment in nuoWr fission. On 3 January 1?U6, the firs* 
complete, specific proposal for the national distribution of pile- 
produced radioisotopes was presented by memorandum from Clinton Labora- 
tories to the Director of the Medical Division, Manhattan District. 
Formal inauguration of the distribution program was made by the announ 
ment from Headquarters, Manhattan Project, entitled •Availability of 
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Radioactive Isotopes, ■ which appeared lit June 1946, in "Science,* Vol. 
103, Page* 697-705, listing available isotopes (approximately 100 in 
number) and also covering principles of distribution and details of 
procurement. It was determined that distribution should be limited 
to elements number 3 to 83, inclusive. 

*• Laboratory Expansion. - Expansion of Hot Laboratory 
inofy-9n» underway by this time in order to keep separation facilities 
abreast of increased pile activity. On 2 August 1&6, the Barnard Free 
Skin and Cancer Hospital, St. Louis, Missouri, received the first peace 
time product of the huge Atomic Energy Facilities. At appropriate 
formalities in front of the Clinton Pile, the Deputy District Engineer 
delivered a one-millicurie unit of Carbon Hi to Dr. E. V. Comdry, of 
the St. Louis Institution, who desired the carbon to "tag* component 
■parts of cancer- producing moleculee and then, through radiation 
measuring instrumente, to seek an answer to this question 1 "Why does 
this particular molecule produce cancer?" Since that date and to 31 
December 1&6, 306 requests for radioisotopes were received, repre- 
senting k$ different elements. Of the total orders received, ship- 
ments at the year's end totaled 125 with a sales value of $29,800.00. 

5? 
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SECT lOH 6 - DESIC5I AND OPERATING PROBLEMS 



6-1. General . - As the design and construction of the large- 
scale plutonium— producing plants proceeded, it was essential that the 
research and development program should concern itself "with problems 
associated with successful and uninterrupted operation. The most 
difficult of these probleas was the proper canning and testing of the 
uranium slugs. Before a slug was considered sound enough for use in 
a Pile, it was subjected to severe tests to determine its ability to 
withstand the intense) radiation and the corrosion brought about by 
the passage of the coolant under radiation conditions. Another problem 
anticipated in early Pile operation was the poisoning effect of fission 
products of large neutron-capture cross section. Although as many as 
possible of these elements were identified and investigated early in 
the operation of the Clinton Pile, it was not until the start-up of 
the full-scale Piles that further complications appeared. Among the 
investigations made at Clinton Laboratories during the design of the 
large-* cale production units were a test of the effectiveness of the 
shielding proposed for the Hanford Piles and a test of effect of 
radiation on materials used in Pile construction. The results obtained 
from experimentation and calculation at Clinton were transmitted 
directly to the du Pont Company by a small group of special technical 
liaison men and, thus, were made available for use at Hanford long 
before usual publication and distribution methods would have allowed. 

6-2. Detection of Slug Swelling and Can Failure (See App. C 13-17) . 
Considerable attention was given to health and other hasards which 



Blight arise in case the aluainm jackets around the uranium slugs 
ahould ba rupturad by chemical corrosion or by tha affects of the 
heat produced in the Clinton and Hartford Piles. The firat slugs 
used in the Clinton Pile were jacketed with a vary light aluminum 
can sealed with an ordinary stitch-weld at the seama. Daring operation 
these slugs ware expected to attain a tenperature of about 218° Centi- 
gradst. In view of this, it waa decided to test thess slugs at this 
tenperature. (Actually, the pile operating temperature was 2$0° Centi- 
grade). Many of these light jackets failed when they were subjected 
to the heat teat given to them prior to insertion into the Pile. 
1 nethod of canning was developed later by the Metallurgical Labora- 
tory and tha du Pont Company which proved to be quite adequate (See) 
7ol. 2, Part If Vol. 3| Vol. 6). "saantially, this method pro- 
vided for arc-«elding the seams of the aluminum cans under an atmos- 
phere of argon gas. 

a. Tests Developed to Detect Jacket Failure. - Testing of 
the slug jackets prior to insertion in the Clinton Pile was accomp- 
lished by a variety of methods. Initially, the testing of the 
aluminum-canned uranium slugs was performed by heating tha slugs to 
300 degrees Centigrade for ten hours at a hydrogen pressure of two 
atmospheres. This procedure was continued until it was found that 
some of the slugs passing the test contained hydride. Thereafter, 
alugs were tested by the deflection test, in which the welded end 
of the can was exposed to a nitrogen pressure of 200 pounds per square 
inch and the deflection in mils of the opposite end of the can was 
observed. This teat rejected about U5 per cent of the slugs received 



at the sit*. In order to determine the percentage of def active slugs 
among thosa already accepted for charging, a group of 5000 was given 
a second deflection test. Two nsr cent showed deflections greater 
than six mils. That is, a group of 20 sings showing this deflection 
represented tha worse elements of 1000 slugs. It also appeared 

desirable to test tha metal under the aost unfavorable circumstances 

> 

■ 

to determine safe operating conditions. 1 performance teat was made 
using 1000 slugs held at an air temperature of 200 degrees Centigrade 
for two months. Of this number a few failures, in which tha cans 
swelled or broke, ware observed. After tha development of an improved 
jacket, another teat was developed in which tha slugs were heated to 
a high temperature (about 500 degrees Centigrade) and held there for 
about ten days. From weights of the slugs before and after thie heat 
treatment, faulty cans could be detected because tha uranium metal 
upon exposure to air at this temperature became oxidised and thus 
gained weight (Sea App. A 55). 

b. Routine Testing. - The testing of the entire quantity 
of slugs which were contained in the improved argon arc-welded jackets 
was completed in February 19U5. °f approximately ,10b, 000 slugs tested, 
less than four per cent were rejected for all reasons. It is of 
importance to note tha ^Little difficulty haa ever been experienced 

to date with ruptured slugs in either tha Clinton or Hanford Piles. 

c. Corrosion of Uranium Slugs . - Since water was to be 
used as the coolant for the Hanford production Piles, the suscepti- 
bility of the aluminum cans to corrosion under Pile conditions was 
inveatigated. Water of composition similar to that in tha Columbia 



River was passed through a special experimental channel constructed to 
simulate a Hanford tube, and the corrosion of the jackets of the 
aluminum-eilicon bonded slugs (See Vol, 3) was noted. When the dis- 
charged slugs were examined, one which was several feet from the 
center of activity during the test was found with the cap completely 
removed . It appeared that water had passed through a hole back of the 
weld/ and that the oxide formed on the end of the heavy metal had 
exerted sufficient force to push the cap off. The slug was swollen at 
the end and the bonding material was era c toed in several places. Mo 
other slugs were in such a state, although large pit* and swollen 
areas were detected near the welded seams on several slugs. With 
improvement in the alumi num s ilicon bonded slugs brought about by 
improved techniques in canning and welding, the corrosion rates indi- 
cated that corroeion under radiation would not be appreciably greater 
tham that observed where there is no radiation, indicating that no 
difficulty with slug failures was expected to be encountered. 

6-3. Pile Poisoning (See Tel. 2. Part It Yol. 6). - Simulta- 
neously with the production of plutonlum in an operating Pile, an 
approximately equal weight of the many fission products of uranium is 
formed. These fission products are ordinary elements which may or may 
not be radioactive, defending, in general, upon certain statistical 
laws. Often, however, one or more of these fission products are of 
such a nature as to be incompatible with the normal operation of the 
Pile. That is, the mere existence of these materials in the Pile may 
prevent its operation by virtue of their ability to absorb neutrons 
readily, thereby decreasing the number of neutrons available to carry 

t 
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oa the fission chain. It was realized that an accumulation of these 
fission products might create a condition such as to asks it impos- 
sible for the Clinton or Hanford Piles to operate. Little was known 

about these poisoning effects at the tine the Clinton Pile was put 

i 

into operation, However, two rare element*, samarium and gadolinium, 
were known to be produced as a result of uraniusi fission and to hare a 
very^igh poisoning effect, but certain essential facta that would 
determine how troublesome these might be to Hanford operations warm 

not known. In view of this, Clinton Laboratories in cooperation \ 

\ 

with a similar group of physicists at the Metallurgical Laboratory, 
undertook a study of the problem by exposing samples of these rare 
earth e laments in the operating unit and examining the resulting 
products for their inhibiting effect on the Pile. From this work it 
was concluded that these particular two elements would not giro rise 

i 

to any serious difficulties in connection with the Hanford operations 
(See 1pp. C 18). Howerer, shortly after the Hanford start-up, a radio- 
act ire iaotope of the rare gaseous element xenon formed in the fission 
process was discovered to be about a thousand times more detrimental j 
as a poisoning agent than anything previously encountered. Indeed, it 
appeared at first that the production of this gas might make it impotV 
si'ble to operate the Hjpford production Piles. The problem was given 
very intensive study by the physicists and chemists at Hanford, 
Clinton Laboratories, and the Metallurgical Laboratory with the result 
that a method of operation was worked out which eliminated the diffi- \ 

culty in a satisfactory manner (See Vol. 6). 

* i 

64t. Testing of Proposed Shield (See App. C 19. 20). - After th» 



drrelopnent of the special type of masonite, which had been found to 
be an excellent shielding material, it was necessary that the laminated 
steel-maaonite shield to be used in the production Piles be tested. 
Two such tests were performed at Clinton Laboratories, In the first 
case, an imperforate section of the shield, with an effective lower 
surface of 2$ square feet, was inserted in a special opening provided 
in tK* Clinton concrete shield. Since the radiation lewel at the 
graphite, due to gamma radiation from fission products, after a shut- 
down, would be such as to render the area untenable after any appre- 
ciable amount of production operation, it was necessary that this test 
be performed during the start-up program and that the accumulated 
energy during this period be limited to about $00 kilowatt-hours. The 
second test inwolred ths testing of a shield section containing the 
proper formula of iron and masonite for both the ■ thermal shield** and 
the biological shield. This sample, four feet square, was perforated 
by a singls metal charging tube. This assembly was a perfect facsimile 
of the geometry to be used in the Hanford Piles, although the tube 
contained four longitudinal ribs instead of the two used in the final 
design (See Vol. 3). Howewer, the difference between these two tube 
slses was considered to be immaterial as far as the test was concerned. 
The section of shield #*s placed outsids the Pile shield directly 
behind a steel tank ordinarily filled with water. This tank extends 
through the concrete shield ao^that, when empty, radiation from slugs 
could impinge upon the shield section after hawing passed through only 
two inches of steel. Measurements, ^in both eases, made by use of foils, 
ionisation chambers, photographic plates, and other derices, indicated 
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that the proposed shield would be adequate and would reduce the 
intensity of all dangerous radiation to well below the tolerance level. 

6-£. Testing of Materials for Use in Hanford Pilee (See App> 
C 21, 22 ) . - The effects of the intense radiation, expected to be 
encountered in the Hanford Files, on ordinary materials of construc- 
tion and materials which aight be placed within the Piles, such as 
coolants, were unknown. Many materials were exposed in the Clinton 
Pile in an effort to determine whether or not there were any signif- 
icant changes in their physical properties as a result of irradiation. 
A synthetic water of the composition found in the Columbia River was 
circulated throughout a test tube in the Clinton Pile under various 
Pile levels. Calculations predicted that the hydrogen peroxide 
concentration in the exit water of the Hanford Piles would be neg- 
ligible; that the removal of oxygen (de aeration) would decrease the 
initial rate of formation of hydrogen peroxide by 50 per cent| and 
that saturation with oxygen would increase this rate by 30 per cent. 
Included among construction materials tested in the Pile were aluminum, 
steel, graphite, masonite, brass, "neoprene,"* bakelite, and concrete. 
These materials were irradiated foretimes' of the order of several 
weeks, corresponding to approximately 200 megawatt-hours. The decay 
of 'the beta and gamma activities induced in these substances was 
followed on "Geiger counters. Several of these materials were found 
to possess very low activities. Among the more interesting of the obvi- 
ous physical changes occurring werei (a) bakelite showed no obvious 

harmful effecte after several weeks of irradiation at $00 kilowatts j (b) 

♦ 

rubber tubing lost its elasticity and broke into pieces under light 



pressure} and (c) neoprene retained its strength and elasticity after 
three weeks of irradiation at 300 kilowatts. 




■ 
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SECT JOB 7 - TRAINING OF PERSONNEL 



7—1. General. - The unique nature of the various processes having 
to do with the production, separation, and isolation of plutoniun, and 
the fact that very few people had received training in this entirely ,'. 
new field, made it necessary to provide adequate faeilitiee for the 
training of additional personnel. c onsequently, Clinton Laboratories, 
both under the University of Chicago and later Monsanto Chemical 
Company operation, organised and operated training schools for its own 
personnel; in addition, the University school trained two groups of 
da Pont employees, who were eventually transferred to Hanford Engineer 
Works as a nucleus for its operating personnel, while the Monsanto 
school was established to train a nucleus of technical personnel in 
fields of Nuclear Science. 

7-2. Facilities, - Both school programs utilised the principle of 
regular classroom work, but the earlier program required all trainees 
to supplement basic principle classroom training with part-time work in 
the actual operation of pilot plant facilities. To provide the aost 
proficient training program possible in ths shortest period of time, a 
smsJJ mock-up unit, having the same fundamental characteristics as ths 
large ones being built\at Hanford Engineer Works, was made available 
and successfully used in connection with the Chicago training program. 
This mock-up unit had, insofar as was practical, ths same type of 
equipment as was expected to be used at Hanford. 

7-3. Personnel Trained . 

a. University of Chicago* Program . - One group of 181 
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trainees, new employees of the du Pont Company, received training in 
the particular part of the work in which they would be engaged at the 
Hanford Engineer Works. The training was completed and the transfer 
of these new employees effected well in advance of Hanford start-up. 
A second group, 183 senior da Pont employees, also received training 
at Clinton Laboratories in this new type of work for several months. 
These employees were trained primarily in the supervision of certain 
phsses of the process in order to gain experience before eventual 
transfer to the Hanford Engineer Works. In addition to the da Pont 
employees, s group of 2$ Clinton Laboratories employees were trained 
in specialised phases of the work and transferred to Hanford prior to 
its start-up. Most of the members of this group received special 
training in the design and construction of special measuring instru- 
ment a and their application to monitoring in connection with health 
ha sards. 

b. Monsanto Chemical Company Program. - In this phase of 
the program, a school for training a nucleus of technical personnel in 
fields of Nuclear Science was established in August 1?H6, to run for a 
period ending in /one 1?U7. A Upon the termination of this period of 
training at Clinton Laboratories, the trainees were to return to their 

original concept of this seminar was that it 



would be at post-doctorate level and limited to 25 or 30 people} how- 
ever, the school in practice included the following guest groups along 
with 37 assigned, scientifically noted, trainees t 

(1) 205 employees of, Clinton Laboratories. 

(2) 21 Government employees (including Navy and Air 
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Force Officers). 
(3) 7 Tsnnessee Eastman employee*. 
(U) h Carbide and Carbon employees. 
(5) 3 NKPA employees. 
For the direction of thia activity, Clinton Laboratorlea obtained the 

part tin* service* of Or. Frederick Seits. 

J 

7-4j. Diaposal of ggnlpnmnt . - Following completion of the train- 
ing program, the equipment installed in the mock-op unit was removed 
from the building for use at other locations and the building was 
turned over to Clinton Laboratories for uee as a general shop. 
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SECTION 8 - ORGANIZATION AND PERSONNEL 



8-1. Design and Construction (See App. B $) . - The design and 
construction of the Clinton Laboratories were performed by the du Pont 
Company. E. Q. Ackart was the Chief Engineer, in charge of the Design 
and Construction Divisions. The Assistant Chief Engineer was 0. M. 

Read.- If. F. Wood was the General Manager of the Construction Division 

J 

while the Manager for War Construction (TNI) was P. H. Hackie. The 
District Superintendent for Clinton Laboratories was W. Irwin and J. D. 
Wilson was the Field Project Manager. For the Design Division, T. C. 
Gary was Manager, reporting to the Assistant Chief Engineer of the 
Design and Construction Divisions. J. P. Martel was the Assistant 
Manager of this division, while the Supervising Engineer for Clinton 
and Hanford Design was F. W. Pardee, Jr. The Design Project Manager 
for the TNX Section was H. T. Daniels. 

8-2. Operation . - The operation of the Clinton Laboratories was 
the responsibility of the Metallurgical Laboratory (See Sec. 3). The 
first group of operating personnel moved frost Chicago, Illinois, to Oak 
Ridge, Tennessee, in April 1&3. This group consisted of eleven men, 
key scientific personnel who had been engaged in similar work at the 
Metallurgical Laboratory before their transfer to the Clinton Labora- 
tories. The original group was augmented each month in accordance with 
the availability of living quarters and the completion of office space 
and laboratory facilities. By August 19k3, a sufficient number of 
operating personnel had arrived on the plant site to serve as a frame- 
work for a well-rounded organisation! 

t 
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a. Organisation (See App. B6| . 

(1) Under direction of the University of Chicago, the 
Clinton Laboratoriee was operated ae a part of the Metallurgical 
Project with Or. A. H. Compton ae Director. As of February l?kh, the 
Director of Clintoa Laboratoriee was Dr. I. D. Whitaksr, to whoa the 
Associate Director of Roeearch, the Director of the Health Diyiaion, 
and 4he Plant Manager reported. The Associate Director for Research 
waa R. L. Doan. This group was further divided into three divisions. 
Chemistry, Separations Development, and Analytical, headed by W. C. 
Johnson, 0. H. Oreager, and D. M. Smith, respectively. The Director 
of the Health Division was 3. T. Cantril, H. D., and S. W. Pratt 

was Plant Manager. Reporting to S. W. Pratt were the Production 
Superintendent, W. C. Kayj the Works Engineer, A. J. Schwertfeger] the 
Serviee Superintendent, R. A. Wentworthj and the Chief Accountant, 
B. C. Weber. 

(2) Upon assumption of operating reeponsibility by 
the Monsanto Chemical Company, Dr. M. D. Whitaksr remained as Director 
of the Laboratories until 1 June 19H6, at which time he resigned to 
assume new dutiee as President of Lehigh University. To replace Dr. 
Whitaksr, a co-directorship waa adopted with Dr. J. H. Lum as the new 
Executive Director and^Sr. S. P. Wlgner as Director of Research. Ae 
Monsanto began operating the Laboratories, the du Pont Company recalled 
or terminated their Chicago University loaned employees as rapidly as 
possible. 

b. Personnel (See App. B 7) . - In August 19k3, at the time 
of the formation of an operating organisation, Clinton Laboratoriee 
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employed a total of 236 persona. The number of employees was gradually 

Increased thereafter until June 19UU. At that time the maximum number 

of employees, l£L3, were engaged in plant operation, including those 

undergoing training for the operation of the Hanford Engineer Works, 

The transfer of thie trainee group was well underway by July 19Uk, at 

which time the total number of employees started decreasing until, by 
j 

the latter part of 19Wi, a sore or less stabilized organisation of 
approximately 1300 persons was reached. Because of the urgency of the 
work and the scarcity of well-trained and qualified technics! cirlllan 
personnel, arrangements were made to have technically trained mem of 
the Special Engineer Detachment transferred to Clinton Laboratories 
for duty. The first group consisted of ten mem who reported during 
the month of January IShh. As qualified men became available, addi- 
tional enlisted men were assigned to Clinton Laboratories, until the 
number finally reached a maximum of 113. Several of this group were 
given specialised training in certain phases of the work and were then 
transferred to other locations on the Project where the necessary 
training facilities were not available . 

8-3. Corps of Snginssrs. - Since Clinton Laboratories was 
located only a few miles from the District Engineer's Office, where 
all Corps of Engineers*mdministrativs and service facilitiee such as 
the Sslsetive Service Section, Prioritiee Section, and Contract 
Seetion were located, it was not necessary to maintain a large staff 
at the plant site. The organisation at Clinton Laboratories consisted 
of three officers, Major E. J. Murphy, Operations Officer, Captain 
J. F. Grafton and Captain ,F. A. Yalente, Assistants* two civilian 
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employees i three stenographers; and five enlisted men of the Special 
Engineer Detachment who rendered technical assistance. Four mors 
enlisted men were added in June 1°U5, when it was found necessary to 
assume the responsibility of the transfer of certain classified special 
radioactive materials from Oak Ridge to other sites by truck convoy* 

J' 
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37 " " VeRNIER. StlDEWICE AojUSTMtNT 

38 No- 3 Shim Sod Control Switched Ano Position Indicating Lights 
39. Shim Rop Selector Switch 

40 No 4 Shim Rod Control Switches And Pos iTiON InPICATiNG Lhs*»TS 

4 1 No 5 ■* " " * " 

42. No 6 " . " » 

43. No 2 R egulAtino Roo ManOal Slow Speeo Control 

44. " ■■ Variable High S PEED Contrcl 

4 5. No I " " » •• • Speed Control. 



CELL N«1 



1 - DISSOLVE* 

2- NITRIC SCALE TANK 
5- WATER MEASURE 

TANK 



CELL N»2 

1- PRECIPITATOR 
Z-CCNTRIFUGE CATCH TANK 

3- CEHTRIFUQE 

4- NEUTRALIZED 

5 - PRECIPITATOR WEIGH TANK 

6- CENTRIFUGE WEIGH TANK 

7- CHARGE FUNNEL TD PRECIPITATOR 



ceil ass 



1 - PRECIPITATOR 
2" CENTRIFUGE CATCN TANK 

3 - CENTRIFUGE 

4 - NEUTRALIZED 
8- PRECIPITATOR WEIGH TANK 
6 -CENTRIFUGE WEIGH TANK 
7 "CHARGE FUNNEL TO PRECIPITATOR 



CEIL H» 



1 - PRECIPITATOR 

2 - CENTRIFUGE CAT. 

3- CENTRIFUGE 

4- NEUTRALIXER 

5- PRECIPITATOR V* 

6- CENTRIFUGE WE 
.'7 - CHARGE FUNNEL TO 




PLAN 



CEL L M°5 

1-NEUTRALIZER 
H TANK 2-CEHTRIFUGE 

3- PRICIPITATOR 

4- CENTRIFUGE CATCH TANK 
IGH TANK i 5-SKIMMER TANK 
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iH TANK 
RECIPITATOR 



fi-NEUTRALIZER WEIGH TANK 
T-CENTRIFUOE WEIGH TANK 
Q-PACCIPITATOR WEIGH TANK 
9'CHARGE FUNNEL TO PRECI PITATOR 




CELL H«6 



QM (C) 

2b 
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IHOWEB ^ 



TOILET 
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TOILET 



LOCKER 
ROOM 
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ROOM (5) 



5f 
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ROOM <D 



RQPM (£> 



ST 

SEPARATOR PLANT 
ttNERAL ARRANGEMENT 



- LEGEND ~ 

® TANK A NO PUMP CENTRIFUGE WATER 
® TANK " " 
© H.F. STORAGE . 
® KN Oj PUMP 
(D HjPI> 4 1 H.N 0, WASH PUMP 
(F) HjP0«* " " STORAGE 
(3) NN.fi] STORAGE 

® N«,COj DISSOLVER f 



(D Na* CO, SOLUTION PUMP 

(3) K, SALT DISSOLVE R 

® K, SALT PUMP 

© POSSIBLE FORMIC STORAGE 

0 * • PUMP 

■3) H3PO4 STORAGE 

V H s P0 4 PUMP 




I. VtkTtn. To Cell S P0AY3 

Loumfcakcbj 

5 Bubblers Fob Catch Tank Level Gage 

6 Bubbles For Cin. Pressure Gwc 

7 5tvam Recajuttt 

8 At. Pb£330BB 

9 6uB«LEftS FOR PRECIPITATOR LCVCL 6aAE 

10 HF Pei^ore, Cell £ 0*Lr 

11 5|6NAL Ll6**TS 

12 Bubblers For NruTatLiZER LlvclGacc 
I J Bubbler Fob. Centrifu6E Level 6*6E 

14 CCNT8IFL»C Levi I GAGE 

15 5*FETY M.ETER 

16 CERTRiru&E TaCHOMCTER 

17 CcirrEiru*c Controls 

Id Neutkalizer Level 6»%e 

Id Satcty Meter 

£0 Eecordin« Thermometer - 4 P*h 

21 Catch Tank Motor Control 

22 Phone jack, 

23 Precipitator Level Gaoc 

24 CtCoRDIMfe TmERMOMEXRR - I P«.N 

25 Precipitator. Motor Comthol 

26 Cell Pressure Gam. 

27 Catch Tamk Level Ga&e 

Inc. Press. Amo Vac. Alarm 6*4ej On Syphon Limes 

42 Centrifu*e Flow Control. 

A3 " Skimmer " 

44 Precipitator Spab«er~ Control Valves #■ 

45 " Syphcu I " " 

46 " « E • 

47 Cemtrifimc Catch Tank Sparser- Control, Valves 
4fi «• " '• Syphon I ■» « 

* m ii " 2 " " 

50 HF Sparecr Contra*. Valves 

51 NCUTEALIZER SPARGER " CONTROL ValVES 



52 5*^ 

53 Neutrauz.br Syphob I 



ii 

w 
•i 
ii 

* 



M 
• 

II ' 
II 

u 



54 - "2 

55 Spare 

56 Precipitator » I 

57 • 2 

58 Water To Neutralize* Jacket 
53 ■« •» Precipitator, » 

•Jr TMMK-VV»r Ai* And Steam VAlvcs 

Wf Linkages Are Used ,0m All Control. VAlve} 





FRONT ELEVATION 



- LEGEND ~ 

PRECIPITATOR 
CENTRIFUGE 

CENTRIFUGE CATCH TANK 

NEUTRALIZER 

CENTRIFUGE CATCH TANK SPARGER, AIR AND STEAM 
CENTRIFUGE " * DELIVERY SYPHON 1 , AIR AND STEAM 

' CENTRIFUGE ■ " • Z , " • " 

' WATER TO NEUTRALIZER JACKET 

•MEUTRAUZER SPARGER, AIR AND STEAM 
NEUTRALIZER OE LIVERY SYPHON i,A1R AND STEAM 

■ NEUTRALIZER M " 2. " ' * 

■ SCALE TANK TO NEUTRALIZER 
NEUTRALIZER OVERFLOW 



8 



NEUTRALIZER SAMPLER 
NEUTRALIZER THERMOMETER 

-LIQUID LEVEL GAGE LEADS -NEUTRALIZER 
NEUTRALIZER JACKET OVERFLOW 
CATCH TANK VENT 
CATCH " SAMPLER 
CATCH " THERMOMETER 

CATCH TANK LIQUID LEVEL GA6E LEADS 
MEUTRAUZER TO PRECIPITATOR 
CATCH TANK TO NEUTRALIZER. CELL N«5 

CATCH TANK TO PRECIPITATOR, CELL NO. 3 
• NEUTRALIZER 



• 7 ' - • ~~ ^ '■ • ,- . * ~ 
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PLAN OF UPPER VESSELS 
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FRONT ELEVATION 



- LEGEND - 



' PRECIPITATOR 

CEHTHIFIKiR 
'CENTRIFUGE CATCH TANK 

NEUTRAUZIR 

■ PRECIPITATOR SCALE TANK TO PRECIPITATOR 

■ TO SPARSER - AIR AND STEAM 

■ CHARGE FUNNEL 10 PRECIPITATOR 

■ TO DELIVERY JYPHOIUiCENTRIFUGE, AIR » STEAM 

- WATER TO PRECIPITATOR JACKET 

- TO EMERGENCY PRECIPITATOR SYPHON, AIR AND STEAM 

■ TO DELIVERY " • ■ • « 

■ CENTRIFU6E SCALE. TANK TO CENTRIFUGE BOWL SPRAYS 

■ PRECIPITATOR VENT TO CELL 



@-PRI 
(ft- PRI 
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- PRECIPITATOR SAMPLER 
PRECIPITATOR THERMOMETER 

- PRECIPITATOR LIQUID LEVfUSAGE 
BUBBLERS ** 

- PRECIPITATOR JACKET OVERHOW x ' 
-CENTRIFUGE THERMOMETER' / 

- CENTRIFUGE LEVEL MONOMITER ' 

- PRECIPITATOR TO CENTRIFUGE \> 

- CENTRIFUGE T« CENTRIFUGE C WCM TANK 
| ■ 

- CENTRIFUGE CATCH TANK TO NEUTRAUZEJLCEUS 
_ - TO PRECIPITATOR PROM CELL NO. 1 

§- CENTRIFUGE 10 NEUTRALIZER.CELL N05 
" ' PRECIPITATOR 

I - NEUTRALUER TO 
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Z' S.S. BY-PRODUCT WASTE TO BY-PRODUCT WASTE STORAGE TANKS 206 -(1Z1 - 122) 
3" S.S. METAL SOLUTI ON WAgTE TQUQUIP WASH STORAGE TANKS tOSflt l 
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I5"T.C COOLING WATER TO STORAGE POMPS 



Ir4 



MANHOLE 



6'CVt FLOOR PRAINAGE TO TEMPORARY STORAGE TAJIKS ZOft OO MOj) 



SINK 



ROOM-E 



SINK 



Ma 



ROOM-F 
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DRAINAGE AMD WASTE SYSTEM 
FOR BUILDING 2QS 

F.a - FLOOR DRAIN * 

C O. - CLEAN OUT (TO GRADE) 

W.O.- WATER OUTLET 

M.&O- METAL SOLUTION WASTE OUTLET 

B.P.a- BY- PRODUCT WASTE OUTLET 



WASTE DISPOSAL SYSTEM 



LABOR ATOHY WASTE 
£ QUI ft PC 206-/3 J 



I- BY- PZO0UCTS 

i. METAL SOLUTION 

3 COOLING WATER 

4. QUESTIONABLE %£s7£\J, WASHOUTS, ETC 




EQUIP PC. 20k IOI* 



HOLPUP TANKS 
EQUIP. PCS. iOh-IOi, I OS 



TO TWO PONDS 



MAIN OCTAL AMD LIQUID WASTES STOgACtC 
TYPKAL SECTION 
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;J»PENDLX A 23 
AERIAL VIEh OF CLINTON LABORATORIES 



riu BUiiDim mum cm 



'IOH (6/4/43) 



Hw foreground ahowa the water canal froa the ittla Suildlng to tfa* 
Separation Building under construction, fbia canal w&a to provide 

r m«im of transferring irradiated ura&iw aluga, under water, to 
the Separation Building. 




FILE BUILD IHQ UNDER GOKSXRUCXI^ (6/27/43) 

right foreground shows tfaa Pila Building undor conatruetion. 
•Xha building in tha buckepround houaea a special shop for machin- 
ing tha graphite usad in tha Plla. 
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MSBM.L ¥1W Of Fl«# SSPaRAIIQW, A8D MM** 
BMIiaiUGS DUR1HO COSSTRUCTIUH (8/31/43) 
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0tfy>usra> PILE BUIIDIBO - LOOMS iKKZH (IjO/II/^) 
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APPENDIX A 31 
S&tUSTJER miLDWQ AMD minUSI SWZK ~ LOOKINQ 



- Mix: m® of CLurfOi uBomfaaii© 

Mm (12/20/43) 

Xb« right foreground shows the Chawiatry X«bar»t<»y (706*) Build- 
ing t tho 2«£t forogrcmnd shows th« Waata Storage (206) Am. H» 
File (105) Building 1* locatad in the c«ot«r background, to th» 
right of th« Separation (205) BuiMing. 
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kTSMDIX A 33 

m»mms& file mimim (mn) asp stMii 

BUiLDIliG (RIGHJ) (12/20/43) 



APPBHDH A 34 
IVASTS 3TQHAQS (206) ABSk UNDBR QQimMXlM (7/14/43) 



L&u>Li2S3Jj JUiTS SBNSUJ3& (206) ASM. 

Six lar^ storage tanks with a total capacity of about cm ailM-on 
aailotis are buried six feet below the surface of the ground. These 
tanks serve as storage apace for the procesaad uraniusi i ad tha 
radioactive isaste solutions from the Separation (.205) mlMmg, 
Waste solutions are held in this area until harmless, before dis- 
charge into White Oak Creek, which flaws through the roar of the 
area. 
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1 -K2TIS aJS vittiiA 1 a* -w.D SLUiL* (6/27/43) 



comwsw house (814) (8/10/43) 



stmm turn imam ctKSsaumcai (7/W43) 
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8ZBMI PXASI AMD BB3£SV0IB ffl©S8 OOJKTIIBKQS (10/6/43) 
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CHBtlSXKZ UBQMfQHX (70S A) BHIU3IIG - MSIS 

soushs&x (3/13/44) 

Ihe addition at the left and of this building houses the Separation 
Process S«ni-*arka. To the right of the taiiMing ie the "Hot* 
Laboratory (706 C) Building. 
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«hu2* iAHHtfMff C?o6 e J smmim - immm 

KQKXHSaSI (3/13/44) 

Ihis building iiousaa a special ehwaical laboratory for the handling 
of highly r*dio«ctiY« csatori«la» 
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APPENDIX A 



JP&QPAHS TAHKS 



7h«»» tank* previa* atar^e for too propauw gas used as tval for 
laboratory burnws. 



APPENDIX A IS 
0RDIHAK3C CliMHUte STOfciQS FlAXFQBK 



mm>u a 46 



AIR COOLING SISW FASf 



Thil fan, mm of the two large faae (TO f GQO e»M© feet |*r aisute 
capacity) xisad to cool the Clinton Loboratoriae Pile, i» driwa 
by a 900-horaepower electric aotor at a *peed of about 36OO fw- 
ultione per eiinute. Tho two fans operate in parallel to pull air 
through the J?ii». 



APPENDIX A 47 



PXLK CONTROL PAH8L 

An operator at this panel faae eooplete control of the behavior of 
tt. IS tfl trough the aid of fc.fr* ana other recora- 

w devices, it is paMibli for the operator to oet*r»in«, «t any 
iriCt. the wDd^rteapersturo of the Bet*! in toe File, inlet 
and outlet temperatures of the coolisg air, oparat3ag powr l«vsX» 
and temperatures at varioua points throughout tfce?iU. of 
tae safety and control features cat, be operatea fro® this potot. 



APPENDIX k 48 

FACE OF CLINTON LABORATORIES PILE 



Xhe el»efcrieaiI^-op«r«iUMi elevator #iio»m i*»ui- Ui*a pottos of 
photography •sktvos as a loading platfom. 



3M*e elevator la ahowa near the bottos of to© photograph, iw Fife 
control pausl is located an the platform &t the left cmt&r of the 
photograph. 



AWSNDIX A 50 



FOB SURVJSXLUflCE OF GOOUBQ 8X8XEM 

She large alaetric actor, in tha canter of the photograph, siris 
one of ttoa large fane used to circulate cooling air fhvm^ thm 

Tha mall sown, mliwm, p%« f a»d gauges are part of tha 
sjstea which circulate! oil contlmratiaiy to all hmmeiagm of the 
motor and fan. The panel, at the right, contains continuous 
recording asters for saklng a pmunt record of ths 
of the bearings , oil, and exit air* 
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c«m &mm & mmt» wnif' sepm*2£(m puns 



m-itMU A 52 

mmasE comteol msb in seph^isi (205) botidikg 



A 53 

SXFJSMt COUHTISa ROOM AT CUNTOB UBOK^XORISS 

mese Y&rioufc groups of aquipwttfc are usaa in counting the rsdia^ 
tdoa oaltted from radioactive substajscoa. In auch roans »s tJiic 
«i»d ©ff icieeacj of tfee «sparatio» proee&wres m&ro 



APPENBX1 A 54 



SlQflOS <W 1B0UIKM 



Thm Treeaela, connactijag pipes, am bIw to tte laboratory axe 
»«Sa of eteiales® vuwl. All work in tiiie Uborutory was o&rri«d 
oa under bood» to avoid inh&Ution of toxic vapors by operating 
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APPENDIX A 66 



HEflSRIC OVEBS FOB JAOXXf TBSTIHG 

These large electric ©Tens were used in testing 135.® uranium slugs 
prior to their use in the Pile. The raok on the truok oontains 
slugs ready for insertion into an ©yea. Slugs wore smbjeeted to 
a teraperature of approximately 600 degrees Centigrade in these 
ovens for a period of about ten days. 
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APPBHDIX A-86 
Bldg. Ho. 73S-I - framing Building 



TNX AR3A 

Hf .No. 735-B 
Training Building 




Bldg. k'o. 70 OC - Chonistry Separation* laboratory 
(Concrete o«H olook in foreground) 



Bldg. No. 706-C 

lenrLstry Separations Laboratory 
(.Concrete cell block in foreground) 



m 
o 
o 

•o 

CO 




&m n - ouamm ummmi .a 

ASVSSSitX 8 



AOHfetion •£ Clisfcoa !«.t>or©t.orioa C«i»%r*»ti«a SilMMti'Mrt* 
TobuUtion of 0«rtai 

tHbulaticEQ t C-m^tv-'xtiaa Costs (Pfcojeofc 58 ) 
4a "oaft aigte^ariMg Oeparferai OrgBniantlaa Oliart 
SISaftan lAb«r«*«ri#i lr§w*ii»«a« a*«* 

Organization Chart of Monsanto Chemical Company, Clinton Laboratories 
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